Stratégies de perception par vision active pour la reconstruction et l'exploration de scènes statiques by Marchand, Eric
Strate´gies de perception par vision active pour la
reconstruction et l’exploration de sce`nes statiques
Eric Marchand
To cite this version:
Eric Marchand. Strate´gies de perception par vision active pour la reconstruction et l’exploration
de sce`nes statiques. Robotique [cs.RO]. Universite´ Rennes 1, 1996. Franc¸ais. <tel-00843873>
HAL Id: tel-00843873
https://tel.archives-ouvertes.fr/tel-00843873
Submitted on 12 Jul 2013
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de



















































































































































































































































































































































































































































¡)¨X(¨ ¡)¨X $U$)&"CEQ)F"$#)C0#%U	$$'%$#µ¨R¨¨¨=¨¨¨R¨¨¨R¨¨=¨¨¨R¨¨¨=¨¨¨R¨ ¡





















¡)¨ ¡t¨HG)¨X » $U$
&"#%'_	%F"U$'DCE"&XG3U N)+	 *
C0#%C0
&+KU$'%C0* T!$'_+K'²)RP +	' ¨=¨¨¨R¨WK
¡)¨ ¡t¨HG)¨ ¡ » $U$
&"#%'_	%F"U$'DCE"&XG3U<















¡)¨ ¡)¨ ¢ »T$U$
&)&)+kCE#D#_+&"U$2)RN)	CXJ2C0'%C0*$# ¨R¨¨¨=¨¨¨R¨¨¨R¨¨=¨¨¨R¨¨¨=¨¨¨R¨WK

¡)¨ ¡)¨HC »!$#_F"0'_+K'%#´¨=¨¨¨R¨¨R¨¨¨=¨¨¨R¨¨¨=¨¨¨R¨¨¨R¨¨=¨¨¨R¨¨¨=¨¨¨R¨ JI
¡)¨ ¡t¨HC)¨X » $U$
&"#%'_	%F"U$'DCE"&M F)&@UAE
0CX&"	 ¨¨R¨¨¨R¨¨=¨¨¨R¨¨¨=¨¨¨R¨ )
¡)¨ ¡t¨HC)¨ ¡ » $U$
&"#%'_	%F"U$'DCE"&M)R#D$Ê
J2&('%#¨¨¨R¨¨¨R¨¨=¨¨¨R¨¨¨=¨¨¨R¨ JG



































&  E¦Nt'_e$#D$#w¨¨=¨¨¨R¨¨¨=¨¨¨R¨¨¨R¨¨=¨¨¨R¨¨SC K
G)¨ ¡)¨X ²	CX&"U$C Nt2Ê !&²!	%+K ¨¨=¨¨¨R¨¨R¨¨¨=¨¨¨R¨¨¨=¨¨¨R¨¨¨R¨¨=¨¨¨R¨¨SC(
G)¨ ¡)¨X¨X U³!$U$C0#%C0
&&N)	"!$#D&"U$CX&"U$	'%C0'_F")T)0$#?	"!$#%+F"¥ DT+E$#%C0&"#´¨SC(
G)¨ ¡)¨X¨ ¡ BN)N)	
U$"Ê!& !	%+K0	$'%&"F" ¨¨R¨¨¨=¨¨¨R¨¨¨R¨¨=¨¨¨R¨¨SC(
G)¨ ¡)¨ ¡ U$#%U	C N"'DCE"&M)RX+5Jm!$'_"")¨¨R¨¨¨=¨¨¨R¨¨¨=¨¨¨R¨¨¨R¨¨=¨¨¨R¨¨ t
G)¨ ¡)¨ ¡)¨X  	"!$)C0U$'%C0
&ﬃ)Ê!& !	%+K'DCE"&5)$# E)N)'_e$#%$#³¨¨R¨¨¨R¨¨=¨¨¨R¨¨ t
G)¨ ¡)¨ ¡)¨ ¡ !	CU+K'%C0
&)$#ﬃJE)N)'Gu$#%$#M!J2C0#%$# ¨=¨¨¨R¨¨¨R¨¨=¨¨¨R¨¨  C
G)¨ ¡)¨ ¡)¨HG §³
T!$0CE#G+K'%C0
&)RX+2#DUk&" ¨¨¨R¨¨¨=¨¨¨R¨¨¨R¨¨=¨¨¨R¨¨  I
G)¨ G »!$#_F"0'_+K'%#T$¥)N !	CXJ2&('_+F"¥¨¨=¨¨¨R¨¨R¨¨¨=¨¨¨R¨¨¨=¨¨¨R¨¨¨R¨¨=¨¨¨R¨¨ (¡



























K¨ ¡)¨ ¡ U³!ﬀu&"CE'DCE"&M)#%'_	D+K')!$Ê(CE$#T$¥)N"0
	%+K'DCE"&¨¨R¨¨¨=¨¨¨R¨¨¨R¨¨=¨¨¨R¨¨I
K¨ G S7+kEUF")>N)(C &('%#7)=*¦F" ¨¨=¨¨¨R¨¨R¨¨¨=¨¨¨R¨¨¨=¨¨¨R¨¨¨R¨¨=¨¨¨R¨¨c¡
K¨ G)¨X U³!ﬀu&"CE'DCE"&M F)&"ﬃOP
&"U$'%C0
&@)RU$ﬁF"' ¨=¨¨¨R¨¨¨=¨¨¨R¨¨¨R¨¨=¨¨¨R¨¨c¡
K¨ G)¨X¨X R+kC &M+(N)N)
	')!N)+	7F)&">&""F"*$0E5Nt#%C0'%C0
& ¨R¨¨¨R¨¨=¨¨¨R¨¨c¡
K¨ G)¨X¨ ¡ STﬁF"'T)= !N"X+KU$J2&('7&('_	)F"¥N)(#%C0'%C0
&"#R¨¨¨R¨¨=¨¨¨R¨¨G
K¨ G)¨X¨HG ST








K¨ G)¨ ¡)¨X Å#GN)+KU$)>	$U$"	U$")$##DXF"'%C0
&"# ¨=¨¨¨R¨¨¨R¨¨=¨¨¨R¨¨c
K¨ G)¨ ¡)¨ ¡ $UÁ)&"C0Q)F"R
N"'DC J CE#G+K'%C0
& ¨¨¨R¨¨¨=¨¨¨R¨¨¨R¨¨=¨¨¨R¨¨C









&"$#7 C &(')!	 ﬁ$'¨R¨¨¨=¨¨¨R¨¨¨=¨¨¨R¨¨¨R¨¨=¨¨¨R¨¨¡ G









K¨ ¢)¨X¨ ¡ H"U+K0C0#_+K'%C0
&@#_F)	T0$#ﬃ$
&"$#7CX&('¦!	#ﬁ$'ﬀ¨=¨¨¨R¨¨¨R¨¨=¨¨¨R¨¨¡(












































)¨X¨X =e$#ﬃ#FE"#%'J $# 	"!+KU$'%C Os#'%J5N"#©ª	"!$$|¨¨¨=¨¨¨R¨¨¨R¨¨=¨¨¨R¨¨¨=¨¨¨R¨AK
¢
)¨X¨ ¡ L)N²!$U$CU+K'DCE"&M$'J2C0#%=&











&)  ·|­º¬|¾ ¨R¨¨¨R¨¨=¨¨¨R¨¨¨=¨¨¨R¨JG




)¨ ¡)¨X =+&"Ê"+KÊT!$U$X+	D+K'%C O $'ﬃ+K#%#%	*"C0#%#%J2&('7*"C0#_F"$ ¨¨R¨¨=¨¨¨R¨¨¨=¨¨¨R¨JG
















































































	   &"
.























&"+(&'>+  + 	$U$
&"#%'_	DF"U$'%C0
&M F)&UAE"0CX&"	 ¨ K




















U5¨HGt¨ ¡)¨ ¡ L)N²!$U$CU+K'DCE"&M&*"CE'D$#%#% ¨=¨¨¨R¨¨¨=¨¨¨R¨¨¨R¨¨=¨¨¨R¨¨¡JI G
























































ﬃ%	ﬃﬃ) ﬀ  !0












)ﬃﬀ;:  $12 4G6 4)<>=;<?C6!=:@A@ ;B3BC?;:BC<$4 >!D	;<9? 1
D ﬃ&ﬀﬃ
ﬂ	"&>  1* 	
,!%  ﬂ	















J5N"P$'%)X+R#DUk&"Z+2N)+	'%CX	² F)&"#)!$Q¦F"&"U$ C J +KÊ$#T#%
F"*&('7W)	%F"C ©
































'_	C &"#$Q)F"$# F U+N"'%F)	
$#%'&²!$U$$#D#_+KCX	¨7S$#D'wNt
F)	Q)F"C B0CXJ2"&"#IHLBﬃ0CXJ2
&"# C0Jª¤(HLB0CXJ2"&"#JI0Jª¤ DT+K¼U$#FEKH D +,©
¼ªU$# E0J
F&"U$



















































































































































&  F)&"TU+	'D N)	"!$U$C0#%T$'U$
J5N"P$'D )
X+2#%U&" "0$#J2"F"*J2&('%#T) + U+Jm!	D+#%
&('TU$



















































J5N"P$'%5) +#%U&"¤'%"F"'R& '%&'G+&'=)ZJ2CX&"CXJ2C0#%	 E
&"







































































































































































































































































O >	     
	 ﬁﬀ @Pﬃ$#%'RF)&µN)	K©
W"sJ2ﬃ)C$U$CE0=$' NtF !$'_F")CG!¨ ³!& !	%+kEJ &'¤K0$#7#DXF"'%C0
&"#N)	
Nt#)!$$# 	Nt#%&(' #GF)	 F)&"
U$
&)&)+KC0#%#_+&"U$ Os
	'%2)5X+M#%U&" !$'_F")CG!$ O J2






























































































































ﬀ  ' " '

ﬀ W%(' 
    
%	ﬃ&*	




     0	



























: $ ﬁ 
*	ﬃ%/	"$







ﬃ$!	"*ﬃ3/   $( !" 8:74$# ?ﬂ%*4D 4 =8:D	4&! 64 4'













































&)&"$0E# +(N)N)F"CE&('ﬃÊ !&²!	%+K0J2&('7#_F)	E$#U$"&"U$N"'%# !ﬀu&"C0#
+&"#X>DEN)+	%+K)C0Ê
J2)5§µ+	%	 @¨;UR+c*













































#%	*,+k'%F)	>+N)+	'DC 	)2U$$#?N)	C J CE'DCE*($#R)5W)+K#%IU$$'%'%µ!$'_+NtR*"CE#D@+ U+K0UF"0	0$#U+	%+kU$'¦!G©
	C0#%'%C0Q¦F"$#ﬃ'_	C0)CXJ2&"#%C0
&)&"$00#=)X+5#%U&"RN)+	7	%+(N)N)








































































)C ﬃ+KCX&"Z +&)& !$$#¤tU$ J 
























































+KU$'%C0*&e F"'%C00CE#DwN)+K#=)5U+N"'%F)	#R+KU$'%C Os# O]U$
J5J >0$#= +k#%	# 
	











)$#7N)F)N"C0E0$#R+F"¥ *,+	CX+K'DCE"&"#  CE0XF)J2CX&)+K'%C0
&e¤"¼











F)& #FE"#%'J  )ﬃ*"CE#DCE"&M+KU$'%C0*NtF"' ﬁ$'_	7+J2&²!
















































+(&'ZN)+(	'%C0U$CXN ! + PCX&'G	
F"U$'DCE"&9)³U$$#w&"
F"*($E0$#'%$UÁ)&"C0Q)F"$##%"&'5U$Nt&"+&('
















































H DT+K0 +(	 tJ $#D'ﬃOs
&"T!$2#_F)	P +&)+k E"#%5)  +N)	U$N"'DCE"&ﬀ"F)J5+KCX&"¨
»TNt#_+&('5#_F)	=P F"'%C00C0#_+K'%C0

























































&(' T!$U	C0'%$#7&@ !$'_+KC0e+&"#70$#ﬃUÁ)+(N"CE'G	$#?¡ $'2)U$>Jm!J2CX	¨









B0CXJ2"&"# HLBﬃE(C J 

















&"#%C0T!	D+&'2F)&µ"W"#%	*,+k'%F)	R+KU$'DC O%¨ ﬃ& 
W"#%	*K+K'%F)	R+kU$'%C O $#D' F)&n
W"#%	*K+K'%F)	
CXJ5N"0CEQ)F²!+&"#2F)&"5U$	'_+KCX&"M+KU$'%C0*"CE')!2'%$00ZQ)F"50wJ 















  	'%1T 5  *	
  	'%1T		
















 @)? B'74 B 6B'8<%6 (!
Q#
*
ﬂ G:F 7 1
 @)?BC74;B$4D @ 4
B?BC8<6 D/)5  G3Gﬃ7 1

<*B " ;?4 B 6B'8<,6 D/ﬃ 1%E7 1






































































































































































































































































































































































 	  
 
	 
  	   ﬃ  	ﬂﬃ l  	    












F"	 F)& N)CX&('5)*)F"N)+K#%#%C O%¨ APU$
&"#%C0º	
+KCX&"#%Cﬃ)$#N)	
W"PJ $#Z+F"#%#%Cﬃ*,+(	C_!$#Q¦F"E 6Z  	   
 Z  
	
	 Z 	  
 ﬂﬃ
	 
 ﬁ 6Z  	 
             ﬂ   







N"'%C0Q)F" O 	  ﬂﬃ
ﬁ&  ,P$¨AP+ &'_	R+F"'_	$#N)	
F"* !Q)Fe F)&M"W"#%	*,+k'%F)	+kU$'%C O N)F"'	
!$#%"F"	
)$#MN)	



























































































F"*J2&('%O >   ﬂ       ﬂﬃ
	 
ﬁﬁﬀ     
	 @P$¨AUR+(&"#U$ U+K#





& G3U OP&""F"# 	$*
C0&"	"&"# &  !$'_+KC0)#_F)	ÆU$$'%'%Jm!$'_"")T+&"# 07U$)+N"C0'_	7#GF"CE*K+&('3P$¨















































J J5+&"))Z#%$#5N)+	D+JM$'G	$#*,+	C +(W"E$# OPJ2C0#%M+FµN)(C &('¤N)(#%C0'%C0
&e¤X¨X¨X¨ PQ)F"Z0MU$"C0¥
 F)&³U$	'G+KCX&ﬀ&"








































































































		²F)&"7#%U&" G Uy& F"'%C0EC0#_+(&'
)$#W)
F"U$0$#ﬃ)>	"!$'_	
+KU$'DCE"&=Os"&" !$$#7#_F)	 s C &"U$	'%C0'_F")5+K#%#%"U$C_!$R+F"¥)
&)&²!$$#ﬃ+KU$Q¦F"C0#%$#c¨


























































































&$'  +&)+K E
#D¨




























EF"¥$'E$#=#_+KU$U+K)$#& N)+	'%C0UF"0C0	)P$#%'RJ CX&"#RÊ!& !	%+K0=Q¦F"2X+M*"C0#%C0
&µ+KU$'%C0*5N)F"C0#%Q)F"ZU$$'D'%
)	%&"CP	?Nt	%J2$'T)U$"&"#%C0 !		²F)&"#%F"0U+Jm!	%+)¤K)$#TJ2








'_	%+c*K+F"¥MN$U$'_F !$#5+5P ﬃ&"C0*	#%C0')!2) » 
U$"$#%'%	ﬃ#%"F"#X+)CX	$U$'%C0
&³) DT+K0X+	µ$' DT	M& H D +k ©
X+	µ)J¤ﬀH9C0¥"#%
&³3K
+0J¤,H DT	M&(¡0Jª¤ H »TCXJ2AEµ)J J5+KC0#R+F"#%#DC|0$#R'G	%+c*,+F"¥M)Z #%#%#5+ s &"C ©
*	#DCE')!7)"	















































































































































Nt#)!$N)+	TV+	%	²$' D X+KU$À H |+(	%	 3K Jº$'
&MN)+	'%C0UF"0C0	ﬃ+&"#ﬃE$#	"!N)













7Å1B©_)T»TCXJ2AE$'DT	M& H »TCXJ2AER KJ
Q)F"C
	N)(#% #_F)	ºs F"'%C0EC0#_+k'%C0

















& G3U N)	"N)#)!$?N)+(	  F"'_F"X+ÀK#ﬃ$' U E	(H F"'GF" +(ÀK#9Jª¤"$'%U¨
Å &"u&e¤)P +k#%#%	*"C0#%#%J2&('T*









































&"#=#_F)N)N"_!J2&('_+KCX	$#5NtF"*&' ﬁ$'_	5'%('_+K0J2&('R+&)&"CX"CEG!$# H D²
F)À(C 	2JG(+0Jª¨XF"#5	"!G©


















3 4  = > K;< :ﬁ=?>
S 
J5J2ﬃ





















































































F"*J &'%#ﬃ#% O +KC0'7&



















































































































)$#7#%'_	D+K')!$Ê(CE$#²)>)+F"'7&"C0*+F O 	 ﬁﬀ 






































ﬀ +(  

" % +K W%('












ﬃ$ ﬀ* # 














































?463  J =?>;<CA B  &AH:ﬁ=?> A B0:ﬁEI:6V JS>;< :ﬁ= >I>;J K6KﬁJ NJA 8SA EIJRK 8SB A
=e$#)




















& + N)+	'%CX	@)ﬀPCX&('%&"#%C0')!mXF)J2C ©
&"F"#%LH V&'%X+&"93KJª¤ H7"	%& 9Jª¤X+ﬀ	$U$







F)	# H DT	%+KEﬀ3K Jª¨





















 : A 	 R 

E$#+N)N)	"U$"$#?J2F"0'%C ©BCXJ5+KÊ$#ﬃQ¦F"CºOs
&('+N)Nt$ + +FMJ2CX&"#ﬃ)F"¥MC J +KÊ$#N)
F)	 !$'%	DJ2CX&"	































W"'%&"F"#7+&"#7F)&$#_N)+kU$RN)	¼$U$'%C O¤(*CX	R+#$M&"¤¦J +KC0# &M+(F"UF)&U+K#¤"#_+&"#TU$
&)&)+KC0#©


























































N)(C &('%#2+&"#20$#2C J +KÊ$#2)ZX+³N)	(¼ª$U$'%C0







W"¼$'%#)7X+ #%Uk&"7$'²07#FE"#%'J  )ﬃU+Jm!	%+K#¨
U7J5+(&"Cs	TÊ!&²!	%+K0¤cEN)	"U$$#%#_F"#²#%T)CE*"C0#%&2'_	C0# N)+	'%C0$#|K#)!$0$U$'%C0





























&'G	%+KCX&'D !N"C NtX+KCX	¨ ST$'D'%
U$
&('_	%+KCX&('%5#_N²!$U$C5Q¦F"0ZU$"	%	$#_Nt
&"+&(' F)&ﬀNtCX&'  F)&"CXJ5+KÊ5#D5'_	
F"*( &²!$U$$#%#_+KCX	G©
J2&('#GF)	ﬃ +	C0'%ﬀ!N"CXN)X+KCX	5+K#D#%









&"Ê )M +n	C0'% !N"CXN)X+KCX	¨ ﬂ&mU$C0'%	%+µ+(F"#%#%CP¤V&'_	+F"'_	$#¤X+³U$
&('_	%+KCX&('%
 F)&"C0U$C0')! OPF)&N)CX&('7 F)&"ﬃCXJ5+KÊ+KJ2$'TF)&U$
	%	$#_Nt
&"+&(' $'7F)& #%F"e+&"#Ts +F"'_	7CXJ5+kÊP²$'
X+MU$
&('_	%+kC &('%2)5U$

































   ﬃ
 
	 ﬁ           	  	 
ﬁﬀ























































































&)&²!$$#³+³P +KC0) F)& 0'_	D+KÊ	"!$UF)	#%C O¤V&
P




























































































































































&'³W)+K#)!$$#M#_F)	MX+ J $#_F)	m)µX+ )C0#_N)+(	C0'¦!µ)mN)	CXJ2C0'%C0*$#
N)+	'%C0UF"0Cs	$#+&"#E$#CXJ5+KÊ$# HLBÊ(Ê
+	>M7+K7JC0J¤ H D "F)À+	%	C (0Jª¤ H S"CE& 0Jª¤"H ﬃCX+KX+ﬀ(¡0Jª¤
H S7	M70AEZ¡9Jª¤ H &"Ê (¡W Jª¤ﬂHµ$00#0J¤ H

























































&ﬃ&ﬃ'%	%J $#) *"C0'%$#%#% HLBﬃ)C0*R0Jª¤
HLBﬃ)C0*w9Jª¤ H 	D&"
&MJI0Jª¤ Hﬀ+K¥)J5+& JC0Jª¤ H Å#_N"CX+FM C0Jª¤ H D "F)ÀCX	TJG+0J¤ H  $Ê
+"+	C Nt
F)	7JC9Jª¤


























	#%F)	TU$CX& !J5+k'%C0Q¦F"=) + U+Jm!	%+)¨
=e$#C J +KÊ$##D











W"¼$'%#CX&(')!	#ﬁ$'%O   Y	  





















&)2 +#D'_	%F"U$'_F)	 G3U )2X+ #%Uk&"2#%	%+
	
W)F"#%'D7$'T#%'_+W"0¨


















































&('>F"'%C00C0#)!$$# H ﬃCX+KX+³¡0JAH D²









































F8@ ﬂ[Y 	  
ﬂ[Y  @P $'2&"u&ﬀJ2C0#%ﬀ+ ¼ª"F)	RFmJ2"º$0)ZP&(*
CX	"&)&"J2&' )wJ5+(&"Cs	Z	"!G©
UF)	#%C0*Ê





































































$#Q)F"C*"C0#%&'R&""&M#%F"0J2&(' + T!$'D	%J2CX&"	7X+ #%'_	%F"U$'GF)	


















F"*(J2&'ﬃ	%+N"C0) F)&"RU+(Jﬀ!	%+ !$E(CEÊ"& !$ﬃ)RX+2#%U&"$#%'M!$Q)F"C0*,+K0&('>+5F)&J2
F"*J2&('T0&'


















)$#w+K0Ê"	C0'_)J2$#M0CX& !+KCX	$#MQ)F"CU+kEUF"0&('F)& &"#%J2W"E )nN)+(	%+JM$'_	$#2CX&'%	DJﬀ!$)CX+KCX	$#
OPN)+	 	"!$#%XF"'%C0















N)#)!$$#¤$U$C0'%"&"# 0$#'_	%+c*,+(F"¥) µ&"Êﬃ$' +KP¨Hµ&"Ê0J	N)#G+&'#GF)	
X+RJ2C0#%&2U$
	%	$#GN)

































































&(' 0'_	"!$$# &F"'%C0EC0#_+(&'F)& 0'_	ﬃ)  +k J +&!$'%&"F2$'TX+=#%'_	%F"U$'_F)	7)$#T	C0'%$#










































)2 +#GF)	O +kU$ N)+(	ﬃ +T!$'%$U$'%C0
&)$#RN)(C &('%#$00CXN"'%C0Q¦F"c#¤JE)N)	%Wt0C0Q¦F"$#2
F³W"C0&µN)+	%+(W)0C0Q¦F"$#c¨
CXW"0CX& $' µ$C0#%# H C W"0CX&9JC0J7
&('5J2



















&Nt	#_N)$U$'DCE*(¤ S C Nt0X+$'
D² +(ÀKH STCXNt0 + JI0Jª¤.H D²X+ÀKJI0J
&(' J2







































































 : A 	 R 
    ﬁﬀﬃﬂ !















F)& J  E(&m$#%'%CXJ2	  F)&"N)+(	'50µJ2
F"*J2&('ZN)+	ªOsC0#CX&"U$
&)&
F )X+ U+Jm!	D+³$'5 +F"'G	






#_F)N)N"G!J &'_+kC 	$# O]U$"J5J2ﬃ+&"#70RU+K#)$#?+N)N)	
U$"$#7)C0#%U	$$'%$#3PT+#u&M)R	J2
&('%	+2X+5#%'G	%F"UG©
























































































































































































!$#%&('%²s C &"U$"&* !&"C0&('










































N)(#¦!$$#T&MU$#D&"# H » CE*($#?JC9Jª¤
H Å#GN"C +(FJC0J¤ H  C0>(W Jª¤,H D²
F)À(CX	 G+0Jª¨)Å#GN"C +(FM$'»TC0*$# H »TC0*$#? C0Jª¤,H ÅÆ#_N"CX+FMJC0JVU$
&"#%C0 !	%+kCE&('
05U+K#)ZN)	CXJ2C0'%C0*$#=)5'E¦Nt5N)CX&('¨=+MJ $#_F)	5CX&"#%'_+(&'_+(& !$RF J2
F"*J2&('R¡3U  F)&µN)(C &('
+&"#RX+@#¦!$Q)F"&"U$2CXJ5+KÊ5$#D'RF"'%C0EC0#)!$wNt
F)	R	D+#$w&"	ﬃP$#%'%CXJ5+k'%C0
&µ) #%$#RN)+	%+JM$'_	$# G3U +F
O F)	$'5+ZJ2$#GF)	2FT!N"X+KU$J2&('FU+N"'%F)	+&"#X+ #%Uk&"=&F"'DCE0C0#_+&('>F)& 0'_	%+KÊ5	"!$UF)	#%C O
)7'E¦Nt 0'_	D+KÊ7)  +k J +&e¨ ﬃC0 H C0(+0Jª¤H ﬃC0W J+³!$'%&"F2U$$'%'%ﬃJﬀ!$'_"")7+F"¥2#%$Ê
J2&('%#¨














N"'%CXJ5+kEﬃ)$#7N)	CXJ2C0'%C0*$# G3U &5'%	DJ2$# )ﬃ#_F)N)N)	$#%#DCE"&)$# 	D	F)	# )ﬃ)C0#%U	"!$'%C0#_+K'%C0
&
$' J2CX&"CXJ2C0#_+K'DCE"&M)$#T	%	F)	#T)J2$#_F)	¨)Å²&5	%+KC0#%





) +M!$')! 	$'%&"F" Nt
F)	VN$U$'_F"	X+ﬃ	$U$
&"#%'G	%F"U$'%C0






?4   J =?>;<CA B  &AH:ﬁ=?> EIJQ;B0:6V :AH:$95J <    QG8 B 9;:ﬁ< :ﬁ= > EI>?8 VW: ;J
8 &A :95J



















& Nt	#_Nt$U$'%C0* O]*(C 	
HC0Ê








































































ﬁﬀ   
	 	   	  ﬂ    








































F"	0$##%$Ê"J2&'D# G3U )$#UAE"0C &"	$#	C0'%#¨
L"(CE' VX+5N)	(¼ª$U$'%C0








 ﬃ  OP¡t¨HGﬁP
F
















































































	# +(N)N)$_!$     
ﬂﬃ 
 ﬁﬀ   Á¤c$¥¦N)	C J 7X+R	$X+K'%C0
&












































































9 ﬂ  	 
 ﬁﬀ 	ﬃ     

	  ﬁ    	  

    
ﬂﬃ 
 ﬁﬀ    ﬃ   
	  ﬁﬀ ﬂﬃ







































&M	N)#_+(&'T#_F)	²P +&)+K E"#%RFMJ 
F"*J2&('7+N)N)+	&('T)RX+5N)	CXJ2C0'%C0*=+&"#Ts C J +KÊR$'TX+
J2$#_F)	FJ2
F"*J &'T)RX+ U+Jm!	%+)¨





















































































F)À(C 	VJG+9J O  Ł$ŁÃ¤$N)CX&('%#¤


















































	 ﬁ+kU$ +F"¥U$"&'_	D+KCX&'%$#Ê !$
Jm!$'_	C0Q)F"$#e#_F)	e0T' E)N))

















    






C0'%$#D#%) + U+Jm!	%+)¨PUMOB+KC0'¤$00³$#%' Os
&"+(J2&'G+K0J2&' )CQN!	&'DM)$#wJm!$'_"")$#
)C0#%U	$$'%$# H S7"C0&(0Jª¤ﬂH§³C0'%C0UÁ"50J¤,H ﬃC +k +¡0J¤,Hµ&"ÊM¡W J|Q)F"CVU$
&"#%C0º	&('F)&MT!N"X+KU$J &'
)X+ U+Jm!	%+ O] !$U	C0'ZN)+(	5F)&"'_	D+&"#%X+K'%C0




























    	ﬂﬃ  	  ﬁ-  	 	ﬂ[Z  ﬂﬃ
	 	  ﬁ- 	 	ﬂ[Z  
 ﬂ  	 













































































































   
P





















































   
 ( 






O   P
%
( 


































































 	P/ A 




























































































































































































   
 	  ﬁ-  	  
	ﬂ 
	ﬃ   ﬂ ﬃ
U N"XF"#¤cX+TOP
&"U$'%C0
& ﬃZT!ﬀu&"C0 N)+	"OP¡)¨  P$#D'














































































































































































































































































































































































































































































































	%J +K +2X+2#GF)	O +kU$)$#70CXJ2W)$#FUAE"0C &"	¨
=e7J2














































































































































































































































































































 "I#+/.B6<!8E' 768I*1 
Q
34/0*C!8 . "I#+/





































































































































































































34d6J*1ﬀI#4 $/0*"34ﬀ/"!8I#;E\@3'#ﬀu468!%#4EL*CJ)'34/^+34 " "!U \e[ﬀ/034*S#34/$!<68!8 0#+/>6`)'*C7?
Z1ﬀ/"!8I#.E\]3'#h "346c6<!,>H'
t




































 S>)'*P "I#_7 0)Nﬀ/SﬀI#/$!%#43
D
6868G "/PﬀI#+i*CI#/'9^+34a.*"*13'*1 SE'













/M)NI3'*M34mI,V#/"*A6>*1IH'34 "/$ " "PE' M "634/"!8I#4 
D

































34> -3d62\eI#. $FﬀI#+/"#+/"SE\eIH4 "*C*O68G,>I34,>#+/ME'
6;ﬀ,59*"
D





















































\eIHZ ﬀ/"!@i> "/.E';EX9[o#4!*.E' . "/[*"7/'9m!8 GE'EO9)467ﬀ,V#/.EL3{ﬀ)4/"3'*
Q
34!




















3U9*1!*RE' O!#+i2I*",G7/$!<4#4 Uo+H46< O 03'*A68 






















,>I34,V#/>9/0#+/R6<68[? , l,>PﬀI#/[*"7!#/$M 03'*U3'#)46%+#G*C/"!8ﬀ76

Mﬀ}'+,G)GE'fI!8/" " $l)')'+*1#/
 "/PIH4/"#43J#_E'34a 9/0)N mL68 KI!8/" " $ SE'V*C/07/"!8I#h "I#+/T4H4/"#I34 P#;,> 03'*"+#/S62\]#4m+6<>E'
*1/0B/"!8I#KE'T6Sﬀ+, 9*"S+34/"I3'*cE'P6\@7aIon
D
)'34!8 O68 OﬀI,G)'+ 0#+/" UE'P/0*"#4 $6%B/"!8I#> "I#+/RIH4/"#434 





34>68 SﬀI,G)N 0#+/" PE'>6%d4!8/" " "G#4I*$,G768^34a_ﬀI#+/"I3'*1 T)N*",>/"/$#/F3'#4

































34#4ﬀFE\e!,GBmﬃﬂ  $/0*"7/'9m!8l)'*CIﬀ}4FE'Kﬀ6<68>E\4<P68!,>I#4 
!4<P68!,>I#4 1 $#LEL#4 R62\19/034E'MEL3G)'*14H46-,>ME'"!
$#2[I%#2I1ﬁ&(' )*)+' #2ﬀ' ,.-p
 Uﬀ4#/0*$7!#/" R!,K?
)'+ 9 P 03'*f6<>,>I34,V#/PE'>6% "ﬀ-#4FEL#4 P62\e!,G7mG)'*$,>/"/"#+/ME'G*1,>I#+/"*M)4634 F7!8 '9,>#+/
34aJ)'*$,.-/[*1 OE'^,>I34+,>#/fE'F6Gﬀ+, 9*"

\e "/"!,G7/$!<4#.E'F6 "/0*"34ﬀ/[3'*1^ﬀ E'K6G "ﬀ-#4
*1)N "F [3'*O6Y,>!8 ">#hﬀI*"*1 0)NI#4EL#4ﬀKE'^)'+!%#+/" 
D
62\]#'768u4 "FEL3_,>I34,V#/T+)')'*1#+/ME'Fﬀ 
)'+!%#+/" >EL#4 >6_ 9
Q





















3'#4mG2g#  $l)467ﬀ#+/l)4634/l+/XEL+#4 M68Sﬀ7EL*1SE'S6>4!< $!<4#.!#/$#/"!8I#+?
#46868^)'43'*U*49 "I34EL*1M68F)'*14H46-,>ME'P62\e "/"!,G7/$!<4#dE'T6K "/0*"34ﬀ/[3'*1^->)'*1/"!* EL3Y,>434,>#+/
I

)'*1IH462-,>U/0*$7!8/9U)NI*1/"A 03'*6P684ﬀ768!< [7/"!8I#KE\eIH4Z1/" R,>IH4!868 R68 U3'#4 )'*c*")')NI*1/R34aF34/0*C 








E' FEO9*1!8U9 S 0)'7/"!768 K/F/",G)NI*16868 FE'd6iI#4ﬀ/$!<4#;E\e!#/$#4 "!8/9G63',>!#434 "./SE'4#4ﬀG 03'*S68 










x "/0*"7/'9m!8ME'PEX9)467ﬀ,>#+/OE'T6Kﬀ,59*"S $/U/0*- U "!,G)468F)'34!8 
Q
3t\e6868































































3'768!8/'9E'62\e "/"!,GB/"!8I# E' J)'*"+,y-/0*C YE\]3'#45)'*1!,>!8/"!8 -=)'+*1/"!*dE\]3'#4 '9
Q
34#4ﬀ

















 "/E'JEO9/$*",>!#4*K6< .,>I34+,>#/$ 
7EO9
Q





F)'*1IH462-,>SE\eI)4/"!,>!8 0B/"!8I#Jq9/'9SH'I*CEX9P "I34 ME'34aJ7 [)'ﬀ/" ME'!@S9*C#/" m

6%V 03')')'*1 " "!8I#hE' T*$*13'*1 ME'KE'!< $ﬀ*I9/"!8 0B/"!8I#:9

6%;,>!#4!,>!8 07/$!<4#=E' G[/" KE' G*"*13'*1 >E'.,> 03'*1;ﬂ*"*13'*1 K 03'*K6< d,> 03'*1 GEL+#4 ^68 




>ﬁc '	 	 ' '7 7`	  	c%? I 

	 






















E #t\e "/M)'7 AE'!%*Cﬀ/"[?







34!*1)'*49 "#/$M6>*C!%B/"!8I#dE' M)'*",.-/0*1 E )'#4EL+#/M62\e!#+/"*177686<>E'P/",G)4 A#/0*C
E'34a.!,G7m 
ﬃ
\]34/"!868!8 07/"!8I#_E' E F->6G)467ﬀ>E'
C
E EL#4 P6\  "/"!,G7/"!8I#hE' T)'*"+,y-/0*C W- 
E'T6K)'*1!,>!8/"!8S#/[*"ﬀl	#4TE' A*"*13'*1 O!,G)NI*1/0#+/" 
:
#4S,G#4!-*1fE'l*49 "I34EL*1fﬀT)'*1IH462-,VT "/












































































 "/>E'.ﬀI#+/0*"B!%#4EL*CY68 Y,>434,>#+/" F6

























































3'#4P "634/"!8I#G)NI3'*R 03')')'*C!%,V*U68 A*"*13'*1 AE'ME'!8 "ﬀ*49/$!< [7/"!8I#> "/
Q
34M6






6d)'*1Z1ﬀ/"!8I#dE'S6Y)'*C!%,V!</$!<+^ﬀ )')'+*"7!8 " "Y->6G, l,>F)N "!8/"!8I#.EL+#4 M62\e!,G7m
Q
3'+#4E6Jﬀ+, 9*" "/K# ,>434,>#+/
/




































)'*1!,>*6< d*"*13'*C GE'JE'!8 "ﬀ*49/"!8 07/"!8I#z "/G "3468,>#+/. 03+wY [#/$
D
,7!8 y)'7 ViI*Cﬀ,>#/d#U9ﬀ 1?
 07!*1
Rg





















































































































ﬀ*1/0B!%#4 fﬀI#/[*"7!#/$ M 03'*A6G)' $!</$!<4#.E'S6G)'*1!,>!8/"!8KEL#4 M62\e!,G7mFB!%#4 $!
Q
34SE' fﬀI#/[*"7!#/$ 






62\]3'#zE' y)'+*",.-/0*1 G*1)'*49 "#/[#/>65)'*1!,>!8/"!8~- *1ﬀ4#4 "/0*"34!*1
D
68 Y*"*C3'*1 Y [3'*
62\e "/"!,GB/"!8I#KE'

























































































































































 ;9/$*",>!#4*A6%V "634/"!8I#dE\]3'#d/"6t "u4 "/-,>ME'F,G+#4!-*1S#'768uI/$!
Q
34F $,^H468S!,G)N " "!H468
p
)'#+?




E' c "634/"!8I#4 


















 F#4 G68Jﬀ7 dEL3
ﬁ	t ﬃD
68 d[ /$ YE' G*$*13'*1 dE'`,> 03'*CJ 03'*> [ )'*1BiI#4E'3'*10b "I#+/

























 03'*M3'#4F [)'}o-*1PE'I#+/M68Fﬀ#+/0*1S "/M68>)'!#+/V-G*CﬀI#4 "/0*"34!*1


 F#4 O6<Kﬀ7 OE\]3'#4
	c%	o  oD
6< f[ /$ XE' f*"*13'*1 ME'F,V 03'*1S "I#+/T,>!#4!,>!8 '9 M "!ﬀ6868[?kﬀ!






































54   	c oD
6< _[/" .E' J*"*C3'*1 .E' ,> 03'*C "I#+/J,>!#4!,>!8 9 
 \e!86O "y)'*CZ1/"/"G "434 ^6hi2I*",>dE'.E'34aEL*1!8/"  "u,59/0*1!
Q




















 SE'34aJ/l7ﬀ}4 S#U9ﬀ " 0B!%*C F3;)'*1Iﬀ $ 034 SE\ !" "/$!%,7/"!8I#.4)4/"!,G768
,








#4E'!#4! >$#I3.)'* <P68!,>I#4 I!4<P6<+!%,VI#4 1 $#
EL#4 R68 U $634/"!8I#4 
Q

















































34Uﬀ7 cE' RﬀI#+/0*"7!#+/"  03')')46[9,>#/[7!*1 RI#+/l9/'9R!,G)' '9 c 03'*6f/0*"BZ ﬀ/"+!%*C
E'G6.ﬀ,59*" ﬂ  03')')'*1 $ "!8I#;E' ^,VI34,>#+/" S#;E'!*1ﬀ/"!8I#q/F34/"43'*PE'G62\]7a4GI)4/"!
Q
34GEL#4 




























34ﬀ3'#4J!#+i2I*",GB/"!8I#=EL#4 d68Jﬀ7EL*CJEL3~)'*CIﬀ " [34 YE';*1ﬀI#4 "/0*$34ﬀ/"!8I#~ﬀ 
 6
#~*11Z1!#/d!8ﬀ!T68
)'*1!#4ﬀ!)'PE'M6PI!8 "!8I#!#/"#+/"!8I#'#46868 !=<T68!,>I#4+ X>$#
D
 -3K68 X,>I34+,>#/$ ﬂ I3>7ﬀ/"!8I#4 
-
!#I34/$!<68 
















34,>#/A68 XE'!@S9*C#/" O,>I34,V#/" A 07/"!8 1ik7!8 0#+/R68 OﬀI#/[*"7!#/$ X#A9ﬀ $ 07!*1 
-Y3'#4> "/$!%,7/"!8I#_I)4/"!,G768 ﬂ /lBﬀ}4 PE'KLa7/$!<4#J/PE'Ki4ﬀ768!8 07/"!8I#
- 
\]7 " $*1I!8 " $,>#/S4!8 0346
ﬀI#4 "!8 "/"d#q[ /.-.!#+/0*14EL34!%*C.E'!%*Cﬀ/",>#+/^/K# HNI34ﬀ68di*$, 9G68 >!#+i4*",G7/"!8I#4 >a4/0*"7!8/" 
E'F62\e!,G7m+FEL#4 S3'#4GH'I34ﬀ68>E'FﬀI,,G#4E'

 F#4 T#4/0*CSﬀ7 
D




)'*1!,>!8/"!8J)')'*$7!8 " ".EL#4 >62\e!,G7m -h 0;)' $!</$!<4#=EO9 $!%*49
-
/G3'#4./lBﬀ}4G $ﬀI#4EL7!*1 ﬂ!<ﬀ!M3'#
 034!8I!ﬃE'T/[*"7Z1ﬀ/"!*1M)'*1#'#+/U#ﬀI,G)4/$M62\ 94!8/",>#+/UE' MH'34/'9 O*1/"!8ﬀ3467!*1 OEL3d*1IH'+/
-p
/"/$
/l7ﬀ}4> "ﬀI#4EL7!*1d "/Fﬀ4#4 "/0*"34!8/"Yo#E'Y)N*",>/"/[*1GE' ^,VI34,>#+/" FE'6%hﬀ,59*"d/"I34/S#















/M62\4<S#'#4aIj )'I3'*OE'>)4634 l,)46< PEO9/[7!86< 
-
v
!>6\@)')'*14ﬀ}4~*1/$#I34=)'I3'*_6 *1ﬀI#4 "/[*"34ﬀ/"!8I# )'*$,>/3'#4= "/"!,G7/"!8I# /0*- J)'*49ﬀ!8 "=/
















34!o#4I34 R!#+/'9*C " "
D
#4I34 XI#4 ik7!8/R6\@}u')'/[}o- "
Q
34M6S "ﬀ-#4X $/RﬀI#4 "/"!8/03A9W3'#4!
Q
34[?
,>#+/UE'Mﬀu468!#4EL*1 OI3KE'M "mI,>#+/" Oﬀ 

I34 O)'*1I)'+ "I#4 RE'I#4ﬀMEL+#4 U68T)'*"BmI*")'}4
 ](
3'#d/" "/A "/07/$!< $/"!
Q






















EL#4 S68>ﬀ7 PE' F)'*1!,>!8/"!8 
Q





434 V)'*CI)' $I#4 >E'I#4ﬀYEL+#4 ^68J)'*$7mI*")'}4

3'#4y,59/0}44E'
)'*",>/$/0#+/^E'.EO9/"*",>!#4*G)'*49ﬀ!8 '9,V#/>6)'+ "!8/"!8I#~ﬀ bE' daI/0*49,>!8/'9 FE'.6)'*1!,>!@?
/"!8
'p
/"/"F,59/0}44E'l*1)N "S 03'*W6%d*49768!< [7/"!8I#E'^,>I34+,>#/$ Xﬀ4,G)4609,>#+/07!*1 ME'S6
ﬀ,59*$F*49768!< '9 T)'*O7 $ "*14!< $ ",>#+/T4!8 0346







34 MEL3.,G+#4!%)'3467/$3'*T)N#4EL#/f6< P)'}'7 " ME'F*1ﬀ4#4 "/0*"34ﬀ/"!8I#
'
I34 M)'*1I)N "I#4 OEL#4 





34y)N*",>/"/[#/SE\194!</$*P6< GH'34/'9 F*1/"!8ﬀ3467!*1 >EL3,G+#4!]?











43'*U[ﬀ/034*f62\e "/"!,GB/"!8I#dE' l)'+*",.-/0*1 UE\@3'#4^)'*1!,>!8/"!8
D
3'#J,>434,>#+/T)'*1/"!8ﬀ3468!8*






3'#4F4ﬀﬀ634 "!8I#)N34/T ">)'*14EL34!%*C^/Wi7!*1KE'!8 0)'*"ﬀl	8/0*CF62\eIH4Z1/
Q
34F62\eI#h "/P#./0*"B!%#dE'>*1ﬀI#4 1?





!f6\ I#5ﬀI#4 "!8E-*C.E'`,G#4!2-*1.68Iﬀ768_6%q*1ﬀI#4 "/0*$34ﬀ/"!8I#=E' Y)'*C!%,V!</$!<+ Jﬀ ﬂﬀ\e "/1?-?kE'!*1





34,>#/6< !%#+i2I*",7/"!8I#4 Y)'*49 "#+/" FEL#4 >6; '9
Q
34#4ﬀdE\e!,G7m+ V)NI3'*KEX9/"ﬀ/$*
ﬀ M4ﬀﬀ634 "!8I#4 F#+/M683'*M4ﬀﬀ3'*"*1#4ﬀ

/
6 "/T)N " "!H468GE'>)'*I9E'!*1F3'#4G)'*14ﬀ}'B!%#4KIﬀﬀ634 "!8I#_#hﬀ7 TE\@)')'*1!8/"!8I#hE\]3'#.IHZ /OEL#4 
6.)U9*1!)'}A9*1!8^E'>6.)'*1!,>!8/"!8Gﬀ4#4 "!8EX9*49













E'!8 0)'+ 9 AE'u#',V!
Q


























#4I34 KﬀI#4 "!8EX9*14#4 
Q
34Gﬀ S4H4Z /$ 




\]768m4*1!8/0}',>.34/"!86<!8 '9y)NI3'*Sﬀ/$/"GEO9/$ﬀ/"!8I#; "/K "!,>!86%B!%*C-.ﬀ634!
Q
34!
)'*$,>/>E'Y 034!8'*1.68 G "mI,V#/" 

 bﬀI#4 "!8EX9*49 F)'I3'*V6%;*1ﬀ4#4 "/0*"34ﬀ/"!8I# ﬂ ﬀ/G768mI*C!</[}',>Y $/
EO9ﬀ*C!</P##'#4a4
 -













 ]) -\ *ﬁ  









34M68 OEL*1!8/" U/Rﬀu468!#4EL*1 MEL*1!8/" AI#+/U3'#4T68I#4mI343'* !#+o#4!<
 /
6L $/Uﬀ)'#4EL+#/





 SF,G#4!2-*CY->EX9/"*$,>!#4*M)'*49ﬀ!8 '9,>#+/X6G)N "!8/"!8I#_ﬀ 
E' Fa4/0*49,>!8/'9 PE\]3'#4.)'*1!,>!8/"!8
D












3'#4E;6Gﬀ+, 9*"G7/"/"!#+/T6d)' $!</$!<4#JEO9 "!*49
D






















































#c8 t '0 0+ j
































  [ #2ﬀ' '  'B [B@




































 F#4 M68FﬀB ME\]3'#. $mI,>#+/
D
6%, 9/0}44E'F34/"!868!8 9K "/M6G [34!<7#+/"m












#5[ﬀ/034J768I*1 G3'#4.*1/0B/"!8I# +34/"I3'*SE'.62\]BaIQO2 ﬂ*1 0)'ﬀ/$!<+,>#/ROn
-
 $!X68. "m4,>#/










< )'*C/"!*UE'P6G)'+ "!8/"!8I#GE'S6Kﬀ,59*"PﬀI*"*C 0)'I#4EL+#/F->3'#4TE' Oa4/0*49,>!8/9 REL3d "m4,>#/
/PE' F)'*",.-/0*1 OE'>6GEL*1+!</$
Q
34!cI#/fEX91Z- 9/'9T $/"!, 9 P68I*1 PE'^6d)'}'7 "G)'*49ﬀo9E'#+/"
D
























KmR9#U9*"7/$!<4#>E' M,>I34,>#+/" M*49)'I#4EL#+/l-Kﬀ O 0)A9ﬀ!]LﬀB/"!8I#4 M "/M*49768!< '9P#Y34/"!868!8 0#+/T62\]B 1?
 "*14!8 " ",>#+/PI!8 0346
t
 T68!8 PE'SﬀI,G,G+#4E'^34/"!868!8 9 P "I#+/OE'I#'#U9 M#_#'#4a4d 

:
#4U $ﬀI#4E'M, 9/0}44E'RﬀI#4 "!8 "/[#/M-P*I9768!8 "*c3'#F,>434,>#+/ E'A/0*"#4 "67/$!<4#S68O6<4#4mTE'A6\@7aI






















E' U,VI34,>#+/" cE'X/[*"#4 "67/"!8I#KEL#4 R6PE'!*1ﬀ/"!8I#VE'X62\]BaIOEL3K "mI,>#+/c "I#+/
[ﬀ/03A9 AE'l,#4!-*1^-xIH4 "*1+*U68 Oa4/0*49,V!</'9 U3>ﬀ#+/0*1PE'P6\ !%,7m
D
68Tﬀ768ﬀ346E'P6>)' "!8/"!8I#











34,V#/S)4634 ^*1IH'34 $/"^)'34!8 
Q
34G62\e!#/$*1 "ﬀ/"!8I#)NI*1/"*$





 "/M)4634 Mﬀkl34/"34 $T#d/",)4 XE\ aU9ﬀ34/"!8I#G/M#t\]xE'I#4ﬀF)'7 d9/'9M34/"!868!< '9S#d)'*"7/"!
Q
34SEL#4 O6<SﬀB 










ﬀF3'#.,>I34,V#/ME'F*C/07/"!8I#d34/"43'*OE' T7a4 POn.43 O2
D
6G)'*1+Z ﬀ/"!8I#dE' P68!,^HN TEL3





6;/l7ﬀ}4.)'*1!,G7!*1.EL35)'*1Iﬀ $ 034 GE\]7 $ "*14!< $ ",>#+/ ﬂ# \@7 " "*14!8 " 0#+/> 03'*K6`H4!8 " $ﬀ/0*1!8ﬀJE' 
E'34a=EL*1!8/" d)'*ﬀ34 dEL#4 d6\ !%,7mJ)'*>a4,G)468
- 6
I3'*K "!,G)468!@L*.68 G68!8 YE'_ﬀI,G,G+#4E'
D
















































G "3468Y}+u')'/0}t- "G*167/"!8J-d6d "ﬀ-#4
D






34,>#+/SE'F "m4,>#/$ X/fE'Fﬀu46<!#4EL*1 


Y,59/0}44E'FE'G*1ﬀI#4 "/[*"34ﬀ/"!8I#J)'*49 "#+/'9Sﬀ!@?kE' " [34 F!,G)468!
Q
34.3'#4>ﬀI#'#'7!8 " 0#4ﬀ 1
o0ﬀ'[
 03'*f6.#'7/03'*1KE'^6.)'*1!,>!8/"!8>IH4 $*1U9ﬃﬂ  $mI,>#+/TI3hﬀuI68!#4EL*1
-k:
#_)'*14ﬀ " 034 SE'G*1ﬀI#'#'7!8 1?










































#4I34 > 03')')N "I#4 >EL#4 >3'# )'*1,V!<*V/",G)4 
Q
34d6<. $mI,>#+/FﬀI#4 "!8EO9*I9Gﬀ4*"*1 0)NI#4E -
62\e!,G7m.E\]3'#z68!%,>HNJE\]3'#zﬀuI68!#4EL*1
 :
#4_ "/"!,G7/"!8I#5E'_ " Y)'*$,.-/[*1 ^ﬀ ﬂ #{)'*1/"!8ﬀ3468!8*
E'> "I#J*$u+I#
-D


















#q/" "/>3,GBaI!,>3', E'd*$7!8 ",>H46%+#4ﬀ. "/^768I*C V34/$!<68!8 '9y)NI3'*KEX9/"*",V!%#4*x6
Q
346868JE'dﬀ 




68 Ki2I#4ﬀ/"!8I#4 GE'd*$7!8 ",>H46%+#4ﬀ`7 " $Iﬀ![9 





34>68 F "/$!%,7/"!8I#4 F [34ﬀﬀ " "!8 

EL3*$u+I#.EL3
















































#d 03'H4 "/$!</[3'#/fEL#4 Mﬀ/"/";9
Q



























































































 "/cE'I#4ﬀX*C/"#I34AﬀI#+/0*1U62\]}+u')'/0}t- " S:ﬂ  "mI,>#+/
-
 $!6M77683'*










6<G)'*14ﬀ " 034 PE'G*1ﬀI#4 "/[*"34ﬀ/"!8I#.E\@3'#.ﬀu46<!#4EL*1E'I#'#4G3'#4FB6<3'*x/0*- Uik7!H468
EL3 *"uI#
D


































EL#4 !43U7!8686#+/W>$# ﬂ23'# "mI,V#/G9/0#+/R6k->34 " "!t 03')')N '9P+!*U3'# !0*"uI#G#4346
,LD
ﬀ/"/"T,59/0}44E'












3'#4 "/"!,G7/"!8I#;)4634 F)'*49ﬀ!< $^E'
 " U)'*$,.-/[*1 
D
H'7 '9X [3'*68 UE'34aK68!%,>HN XEL3Kﬀu468!%#4EL*CT "/c#4 034!8/"T*49768!8 '9

<PﬀO6\  "/"!,G7/"!8I#
IH4/"#434G)'*f6%_,59/[}4IE'>H'7 '9K 03'*P3'#; "346c6<!,>H'
D
!86R "/S#_[ /S)'+ " "!H468YE'>EO9/$*",>!#4*M6







I34 O)'*I9 "#+/"I#4 cEL#4 OﬀT)'*$7mI*")'}4OE' M*49 03468/07/" Ra')U9*1!,>#+/034aKﬀI#4ﬀ*"#'#+/U68 OE'!8*1 









[ﬀ/03A9dE' G/" $/" GE'J*1IH'34 $/" " "./>E'J $/0H4!868!</'9Jo#5E'.7768!<E'*dEO9[o#4!8/"!8,>#+/G62\])')'*14ﬀ}4
*1/"#434
tg













346>#4I34 JI#4 d768!8EX9;68 JE'!@l9*1#+/" ~9/0+)' dE'`ﬀ

















#G34/"!868!8 0#+/O6%>)'*1+Z ﬀ/$!<4#>E'M " AE'34aG68!%,>HN ﬂ!*k<l#'#4a4
	4






























34P!8/9*"B/"!8I#>EL3G)'*14ﬀ " 034 OE\e $/"!,G7/"!8I#G-  "/X*49768!8 '9f#61>F,V!<6868!8 "ﬀI#4E' 

:










































































34/"!868!< $SE'34a^!,GBmM 034ﬀﬀ " $!<+ 
-D





















*49 [346</[7/" P "I#+/F)46%34 > "/[H468 
 p
)N#4EL#+/^3'#H4!7!8 >El3~-d6.E'!8 "ﬀ*49/"!8 07/"!8I#q)')'*"ﬀl	8/K "!R62\eI##4










[ﬀ/"!8O#/0*CU6F*1ﬀ4#4 "/0*"34ﬀ/"!8I#>)'*4!< $!<4#G7ﬀ/"!8O/R6S*1ﬀI#4 "/[*"34ﬀ/"!8I#>)'*I!8 "!8I#>E'u'#',>!
Q
34
ﬂ  0#4 OﬀI#+/0*ﬀl+6<SEL3.,VI34,>#+/ME'S6>ﬀ,59*"
-D









A/BCA/BBFE GIHJ$KL2MNFOP/JQNSR?KL^c f PL^Je RLcOH











K*1ﬀI#4 "/0*$34ﬀ/"!8I#GE'fﬀ UE'34aGﬀu468!%#4EL*C M "Oik7!8/UE'T,#4!-*1M!#4EO9)'#4EL#+/"


F,59/0}44E'T34/"!868!8 9F)NI3'*A6\ #4ﬀ}'ﬀl	#4,>#+/ME' M*1ﬀI#4 $/0*"34ﬀ/"!8I#4 A "/OEX9ﬀ*1!8/"MEL+#4 X68 Oﬀ}')4!8/0*1 
 034!8#+/" 

 S`,G+#4!-*1-qIH4/"#4!*d3'#4; "/"!,G7/"!8I#{*1IH'34 "/$J/.#4I#~H4!7!8 '9`E'_ " .)'*",.-/0*1 
D
3'#













34 SE\]7 $ "*14!< $ ",>#+/T4!8 0346RI#+/ME'I#4ﬀ9/'9P,G)4687uU9 l)NI3'*
*49B6<!8 "*Vﬀ/"/"J/l7ﬀ}4.#z/",G)4 .*496
U
 ,59/0}44E'.E'`*1ﬀI#4 $/0*"34ﬀ/"!8I#{34/"!86<!8 '9; "/YH'7 '9. 03'*










 9/'9d34/"!86<!8 '97 " 03'*"+#/Y3'#4;H'I#'#4_ "/0H4!868!8/'9_EL#4 





















_    #M+
















M)'*49 "#+/"U62\19634/"!8I#SE' U)'+*",.-/0*1  "/$!%,59 cE\]3'#KE' RE'34aFﬀu46<!#4EL*1 O#
i4#4ﬀ/"!8I#GEL3#4I,>H'*1TE\ !</'9*"7/$!<4#4 
 6
#Y)N34/M#4/"*R6K "/0+H4!<68!8/'9TE' M*49 03468/07/" RIH4/$#I34 
:
#VL68/0*1
,>7u#'#'#+/G68 y*49 03468/07/$ GE' Y/[*1!8 GE'*"#4!2-*C Y "/$!%,7/"!8I#4 . 9/9Y34/$!<68!8 '9
M
 YE'!8a~)'*1,V!-*1 
 "/"!,G7/$!<4#4 Y#t\])')'*$7!8 " "#+/Y)'7 dEL#4 Gﬀ dﬀI3'*"H' dﬀ*>68 .)'*1,>!2-*C G7683'*1 d "I#+/G "434#/
H'*"34!8/'9 
D





















34dﬀ/"/"G*$*13'*F#4dEX9)'7 $ "G)'7 F68 2 






































y O0 'N$#2[I%#2 '+  4~78 L1B@ < 









































































 X[ '' #204 #2ﬀ'dF+
/
78 L1  
1
























34;ﬂ2)4!8E' h-dﬀ4346<!8 " $
-D
/F 0h7683'*K "/"!,59V)'+*S4!< $!<4# 7ﬀ/$!<+
/:
#4Y*"*C3'*
E\e#+I!*14#= "3468,>#+/y3'#zE'!8aI!2-,VJE'`,V!<6868!,.-/[*1; "/`-#4/$* ﬂ
Q
34!MﬀI*"*1 [)'I#4E -;62\eI*1EL*1.E'




 T*49 [346</[7/" 















34G68 ^E'34aqﬀuI68!#4EL*1 G "4#/S "!8/03A9 FEL#4 >3'# )46#5)'*"B6<62-6<
3)46#
 n 2_EL3 *1)t-*1GEL#4 K68
Q
346M $I#/Sa')'*1!,59 F68 G)' "!8/"!8I#4 E' FE'34aﬀu468!%#4EL*C 
U
 




3'*O68 l*49 03468/07/$ UE'I#'#A9 
EL#4 K6<d/0H4683
'D













34K6< F)N "!8/"!8I#4 S*167/"!8 
E' RE'34a>ﬀuI68!#4EL*1 O "I#+/cﬀI*"*1ﬀ/",V#/c "/"!,59 
D
6868S#t\])')'4*1/"Oﬀ)'#4EL#+/U)'7 RE'MA9*C!]LﬀB/"!8I#
ﬀI#4ﬀ*"#'+#/A6%K)' $!</$!<4#YH4 $634TE' AﬀuI68!#4EL*1 MEL#4 A62\e 0)'7ﬀ

 G\]34/0*1 Ra')A9*C!<#4ﬀ OﬀI#4 $!< $/0#+/





34O62\e "/"!,G7/$!<4#>E' X)'*$,.-/[*1 E'T)N "!8/"!8I#>/RE\e4*1!8#/0B/"!8I#
 "/O34 " "!ﬃ/0*- O)'*49ﬀ!8 "
4
S*I9 03468/0B/UE'Pﬀ XE'*$#4!-*1 Ua')A9*C!<#4ﬀ f "/X)'*49 "#+/9OEL#4 O68Tﬀ}')4!8/0*1
 034!8+#/















































































































































>di2!8 F#5)'*1/0+#/SE'.)' $!</$!<4#4 ^!#4!8/"!768 dE'!]S9*1#/$ 



































 03'*f6\ #4 ",>H46<dE' F,>7u#'#4 	
=
2

















0 5 10 15 20 25 30 35 40 45 50











0 5 10 15 20 25 30 35 40 45 50
Variance sur la profondeur Z0
Profondeur EstimØe
ﬀﬁﬃﬂ !#"$&%('&
























I#4 "!8EO9*1I#4 U,G7!#+/"#'#+/R6F*1ﬀI#4 $/0*"34ﬀ/"!8I#KE'ME'34a> "mI,V#/" 






































































































34!tﬀI#4ﬀ*"#4Pﬀ UE'34aGEL*C!8/" Dﬂ 68 









)'*49 $#/"S62\19634/"!8I#dE' T)'+*",.-/0*1 UE' PE'34a.EL*1!8/" P3dﬀI3'*1 MEL3







62\]34/$!<68!8 07/$!<4#E'>6.4!8 "!8I#7ﬀ/"!8G)N*",>/F3'#4GmI*$#4E'> "/0H4!868!8/9GEL+#4 S6\  "/"!,G7/"!8I#_E' 


























































)'I3'*P4H4/"#4!*P6%.)N "!8/"!8I#;E' Sa4/0*49,>!8/'9 OE\]3'#
 "mI,V#/Gﬀ 
D















 d*I9 03468/0B/" SIH4/"#434 > "I#+/FE'I#'#A9 
EL#4 S68>/0H4683
   6
#;)'34/F#4+/"*P6i7!H468G*"*C3'*ME'Y*CﬀI#4 "/0*"34ﬀ/$!<4# ﬂE'F62\eI*1EL*C^EL3;,G,
-




683'*1 S68I#4mI343'*1 F*496868^/P "/"!,59


































































































































 X[ '' #204 #2ﬀ'G  4LS('ﬀ#2' #
1
































































































)> #  j ) )




















44F F('ﬀ#2   '
















































S X[ 'N$#2[4 #2ﬀ'J>
/






















%#2  F #2 )  FF('ﬀ#2> & 'L%#2 ';_' )   



















































!8 " 034PEL3G)'*14ﬀ " 034 OE'Mﬀ768!H'*"7m
D
,G7!8 X+34 " "!LEL3V/0*"7!8/",>#+/RE\e!,G7m+
I
K)'*I9ﬀ!8 "!8I#>E'










6K)'*I9ﬀ!8 "!8I#EL3G/[*"7!8/",>#+/RE\e!,G7m O)'I3'*A6F,V 03'*1PE\]3'#G)'+!%#+/OaI/[*I9,>!8/'9UE\]3'#
















/"/$T*"*C3'*M)'I347#+/T "F*C/0*1I34*A 03'*W6\  "/"!,G7/"!8I#








34! "/MﬀI}A9*1#+/WﬀS68 P*"*13'*1 fIH4/"#434 

A/BCA/BB\D G H$JKL2LYRMﬀMYLJH c*H WkOR 7 R?NFR\[ HM











E\e34a. "/S3'#4>68I#4mI34G)468!%#+/0}4>E'>ﬀI34683'*PmI*1!8 " ﬂ
Q
















































*49 $!<E'S!8ﬀ!R)'*1!#4ﬀ!)'768,>#/SEL+#4 M6Y)'*49 "#4ﬀSEL3.ﬀu468!#4EL*1>/ME'S6Y)468!#/[}4


Pﬀ*1!8/ -*1OE'T*CﬀI#'#'7!8 " 0#4ﬀP "/>9763A9M)'*- 

>P "/$!%,7/"!8I#4 U [34ﬀﬀ " "!8 OE' X)'*$,.-/[*1 




























































































































































































































































































































































































































































































































































































































































































































































































































































O0 '' #2[I%#2 '_ Iﬃ t0ﬀ)> #2 











































































































































































































































































   	ﬀﬁﬂﬃ ﬂ! "#ﬂ$ % $ & '( *)$+ﬃ $
,.-0/
%2143 %25 7683 $:9;3=< %?>A@% B>#!DCFE %7GIH J9;1LK %  %?1 'F9;1=C 71 %857CF< !73 %('&DMN%






%8143ﬂC 71< %T>U@% B>#!JCRE %VO'R9IW#
"J9 !%?< %V6 BHﬂCP3 % $&%81=W79X<X< %218G $ %21ZY %('QW %818G$&%81=H R3 7>%818G$&%81[H %(S18G$&%81
\6]@% Q1ﬃ%23 $ %81 $^@%81 %(S3418MR_`M;M`M aRb J9;18GB9X< !%Rc6 J9;3A< %81 %257CF< !73 %('&S18MPde<R< %81U9 R3 %! !7>%BG
%83Z9X<IC !%!$ %(  73 %T< %(' S1[1 #'PW%(R9 S18Mgfh3i1j90< %81T1 'QW %(F9 S1 $&%T<
/
'& $ %!'Q5









'& %857CR< #!B3 %('&LO'R9hH %(R3j9 !D9;3 %(R3 !Dkr %!!J9;3 $ %81g6 73 7143 !DCFE %81





F9;141 % $ %81^C&!%('PW%818M u















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































']_5b #[Ze.^ #dbma #.& '+Z ) aS_#>`'+_
\




































































































































































































































































































































































































































































































































































































































































































































































































































































































+ﬁﬀ)A ﬀ A )A ﬀ
@& %ﬁ)(
7Mﬂ #< i1 'R9;3 %7G  #'P1 DCFCﬁ%S<X< %(!#P1  'P1j9;W%2H %(R3 
D"!
D$#















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































M$# L3 D9X<X< % $&%81 9;H B>%81I3 !J9;3R@% %21 %8143$&%&%:
"
<X9;># %81 %83('J*)L6 J<   %818M








































































































































































































































































































































































































































aE_a ﬁM  8io^d_`+Zua a #  '+i  

'+_acb ﬂ











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































aE_a  '+i  

a
`+Zua ﬂ ZuaﬁZ acbcaE_ #
1




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ﬀ ﬀ+%,ﬁ-ﬀ/.10 ﬃ!%,ﬁ-ﬀ+*32ﬃ24.ﬀ65879ﬀ+ *

















































































































































































































































































- - - - - -
- - - - - -
- - - - - -
- - - - - -






/ / / / / /
/ / / / / /
/ / / / / /
/ / / / / /






















O O O O O
O O O O O
O O O O O







a a b&bc c
d&d&d&d&d&d&d&d&d&d&d&d
e e e e e e e e e e e
f&f&f&f&f&f&f&f&f&f&f&f




























































































































      
      
      
      





      
      
      





      
      
      





      
      
      





ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ
ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ
ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ





ﬃ ﬃ ﬃ ﬃ ﬃ ﬃ ﬃ
ﬃ ﬃ ﬃ ﬃ ﬃ ﬃ ﬃ
ﬃ ﬃ ﬃ ﬃ ﬃ ﬃ ﬃ






       
       
       
       
       
! ! ! ! ! ! !
! ! ! ! ! ! !
! ! ! ! ! ! !
! ! ! ! ! ! !




































































































































































































































































































































































































































FHGBD_GIj3T?G-CQ_D8OIS3KELWACHA"MWXGID-[KHSLPEjS3CEGID-[ugsA"OIGID-[WpWp pb7Ip UkdAUG-CEOIS3XZG[HLPGID LHKHSQWL¢dGID_GIDyiG-TMPD_GIDdAOIG
CEMNc+G-A`yFHSMPcG-C+Q GIQYXGmc,iG-XMZ[biGIGIDVGIQ1LPGID6OISECEOILf`EDRMNSECEDBKHXS3KHA"jiGIGID1A`yXGID_Q_GaF`wD_ED_Q-dG-T?Gp

















































































































































































































































































KHS+DiGIGID4ES #  ~# 
$











































































4 $ ELNGIDmD_GIj3T?G-CQ_D8D_S3C+QJOISEKELfA+CHA"MWXGID-[CES3CycS+MNDRMfCEDmGIQ6KHAXRA"LPLdGILPGID$ﬀ 






















































































































KHS+Q L¢dGID_GIDmKHG-`EcG-C+Q GIQnXG}AtD_D_SEOIMYiGIGIDdAOGLHA"lH`EGBOILWA"D_D_G[&TUA"MPD6AﬂcGIOB`HCEGKHXZS3vHAvEMPLPMNQHiGBQnX dGIDkgsA"MWvELNGp
SE`HXMNLPLW`ED_QYXZG-XVOIG}KuSMWCQﬂ[KHXZG-CES3CED,L]\^GIeEG-TUKELPGaFHG6FHG-`EehD_GIj3TG-C+Q_D,c+SMPD_MWCED-[EOIS3KELWACHA"MWXGIDVGIQJCES3C























































LPG-`HX,GIeEQYXEiG-TMPQHiGkcSMPD_MWCEGpMUGID1A`EQYXGID LHKHS+Q L¢dGID_GID 49g`ED_MPS3ChFHGID,DRGIj3TG-C+Q_D-[GIQROG7D_S3C+QG-C+c3MPDYA"j+G-AvELPGID
TUA"MPDQYXIdGIDKHG-` KHXSEvHAvELPGID-p1¦VGQHKHGFHG/X_A"MPD_S3CHCEG-T?G-CQyCES3`EDKHG-XRTGIQyFHGFViGW[¢CEMfXLWAQYA+vELNGFHG
KHXS3vHAvEMPLPMPQHiGIDmOIS3CEFHMPQ_MPS3CHCEGILPLPGIDA"DRD_S3OIMniGIGIDdAOIGIQ_Q_GaOILWA"DRD_G 












 4 %23546)7,ﬀ8  ~A7 

Z2





























D_GIj3T?G-CQ_D'4 S# ~^7GIQ4~!#	 $ 7Ip ^EMVL]\^S3C¥D_GOIS3C+Q_G-CQRGUFHGKHXEiGIFHMWXGy`HCEG{$S3CEOIQRMNSECG-CQYXZGULPGIDUFHG-`Ee
D_GIj3T?G-CQ_Dﬂ[OIGIQ_Q_G LHKHSQWL¢dGID_GyD_GXEiGIckiGILPG-X_Ac,iG-XMZ[1iGIGFACEDLPGO-A"DZ4 S #	~A7I[,ThA"MPDUgsA`ED_D_GFACEDLNG
O-A"DZ4 ~ #	$17Ip,¦\^GID_QyKHS3`HXlH`ESMmLPGIDyFHG-`Ee KHS+D_D_MWvEMPLNMPQHiGIDyFHSMPcG-C+QAKHKHAX_AdPQYXZGFACEDLPGIDyQYAvELPGIDxFHG
KHXS3vHA+vEMNLPMPQHiGIDBOIS3CEFHMPQ_MPS3CHCEGILPLPGID-[LPG-`HXDcA"LPG-`HXDUXEiGIDY`ELPQYAC+Q6F`/XZMNDRl`EGUlH`EGUL]\^S3CGID_QRMfT?GxKHXG-CEFXGUG-C
OGLESMPD_MPD_DYAC+QL]\`HCEGVS3`aL]\A`EQnXG,FHGID L+KuSQ LdGID_GID-pG]mMWCED_M][3KHXEiGIFHMfXZGJ`HCEG{$SECEOIQ_MPS3CGID_QOIGVlH`EMKHA+X_A"MPQ GIQYXG






































































wV{$MWAC mKn$p?UGIDkFHG-`Ee L+KuSQ LdGIDRGID,DHiGILNGIOIQRMNSECHC,iGIGIDg]S3C+QL]\^S3vE{GIQ,F\`HCEGmc,iG-XMZ[O-A"Q_MPS3C[iGIQYA+KHGVl`EG
CES3`ED1FViGIO-XMPcS3CEDdAhKHX3iGID_G-C+Q-p
¦VLWA"D_D_G











































































































































































































































































































































































































aVAﬂGID_MPG-CUA"D_DRS3OIMPG6`HCSEvE{$GIQ 2 w dAFJiGIQ_GIOIQRG-XFACEDkLWAaD_OdG-CEGp¦VGIQS3vE{GIQ 29w KHG-`EQ GIQnXGJ`HCEG{S3CEOIQ_MPS3C
G-C+QYXGaFHG-`EeyD_GIj3T?G-CQ_D8S3`y`HCyA`EQYXGaDRGIj3TG-C+Q 29wUp



















































































































































































































































































































































































































































































































































































































































H1@ 8 8 R
<VUV@



































































































































































































































J A :<8 
] >









































TUA"MPDA+`ED_D_MG-C+QYXGULPGIDD_GIj3TG-C+Q_Dﬂ SGIQ ~ﬂp U\ZLHKHSQWL¢dGID_GLWAKELf`EDUKHXSEvHAvELPGxA"D_D_SEOIMYiGIGxA+`OIS3`HKELPG
4
s













4Pm?m-, 7kLWAOILfAtD_D_GLWA>KELf`EDKHXZS3vHAvELPG dA¥LfAtl`EGILPLPG/LPG/D_ED_Q-dG-TGA"D_D_SEOIMPGOIGIDyFHG-`Ee D_GIj3T?G-CQ_DGID_Q-[
OIS3TUTG8FACEDVLNGaO-AtDJKHXEiGIO¢iGIFHG-C+Q-["LWABOILWA"DRD_G  ~ pMUGID LHKHS+Q L¢dGID_GIDkjiG-CkiG-XEiGIGIDD_S3C+Q,FHSECEO6FACEDVOIGmO-A"D O
4 UAKHXS3vHAvEMPLPMPQHiGl`EGaLPGIDmFHG-`EeyD_GIj3TG-C+Q_D1DRSMPG-CQ1MPFHG-C+Q_MPl`EGIDaGIDRQ1FHG 2-,"



















































D_S+MNQ8OIS3KELWACHA"MWXGdALWAOGLHA,MdWCEG 4 S-[ 
s





























































































































































































































XEiG-AtLNMPDHiGIG 7Ip WaCKHG-`EQ_[¢CHA"LPG-TG-C+Q}CESQRG-X,L]\A+vED_G-CEOIGBF\`HCwD_GIj3TG-C+Q6XGILPMWAC+Q S
s
GIQ S p U\YL+KuSQ LdGIDRG

























































































































































































































































































































































   ﬀﬂﬁ ﬃ  ! "#ﬁ%$ ﬀﬂﬁ ﬁ #& 'ﬁ(*)
+
,&  .-/10 ﬃ  ﬃ  2 43*ﬂﬁ 567.0 38ﬀﬂﬁ
 
9



































































































































































































































































































































































































   
	
	   \	 "ﬀ  	  	  % 
KHSMWC+Q_DmFHGBcH`EGBlH`EMD_GaD_MPQY`EG-C+Q}A+`+sFHGILdAFHGOIGIQ_Q_GaFHMPD_QYA+CEOIGBc,iG-XMZ[G-C+Q6LWAOIS3C+QYX_AtMfC+Q_GDY`HXVLPGBOGLHATUK
FHGac3MPD_MPS3Cp&,C\[¢C[EQ_S3`EQ_GmDY`HX!gsA"OIGaS3vEDRG-Xc,iGIG1FHSMPQNMGIQYXG1OIS3ThKELdGIQ_G-TG-C+QVS3vED_G-Xc"AvELPGBKHAXkLNGO-AKEQ_G-`HXI[
OIGUlH`EM,GID_QXG-KHXEiGIDRG-CQHiGKHAXLWA #?J1P@3\HIJ1P8 =?8 























































































































KELWACFHGaLPS3CEj3`EG-`HX ,ﬀ mGIe3MPD_Q_G 7£pMwBACEDVLPGaO-A"DVOIS3CQnX_A"MWXG[EMPLGID_Q1C,iGIOIGID_DnA"MWXGaFHGaOBLEG-XZOBLEG-X1`HCyKELWAC
   
	 J
   
	
	   \	 "ﬀ  	  	  % 
 












































































LPGTS3FdGILPGxFHGyLWAD_OdG-CEGyA"OIlH`EMPDUFHG-KH`EMPDxOGLHA"O-`HCF\^G-C+QYXGUG-`Eep UGD_GIOIS3CEF AtLNj+S3XMPQ LHTGKHXSEKHSDHiG[



























































































   
	












































@ﬀﬀ6'. m rO\n3MUD-+i	 LﬁFﬁ>&		ﬃﬃﬀ=<
ﬃ!24AC	ﬃ"ﬁ.(!	/	#$ﬁﬀ/ﬀ'HiU	ﬃﬃ6!F"6'ﬀQﬃﬀ6:! Xﬃﬀﬃﬃ$ﬁﬀ4ALﬀﬁF+i	 Lﬁz"Tﬃ+2	ﬃ=











JiEi]"Tﬀ M	=&2ﬃ!>ﬀﬁ[,GﬃI+2;ﬁ-6'.ﬃ @3\Jm 8 AG8 JMA	?@7	Q ﬃ!>ﬀﬁ7+iﬃT3h]_[KDAC	Sﬁ"6!&
6'Nﬀﬁ )`.	-ﬁH6*APO&	Q
@ﬀﬀ6'.2"ﬁ&"Tﬃ7ﬀﬁ-,ﬃ.Hi	 !>!Hiﬃ.ﬃ!2$ﬁﬀ.6!ﬀ6!\ﬀﬁ-Hi	$%ﬀ	
ﬁ-+2ﬀ+2ﬃi	6Yi+2.'&	ﬂﬁ2)j 	 IH)j.'&8ﬀ +2ﬃd9Ei+2.6!+2>6!7+2Oﬁ&2ﬁ
"ﬁ'ﬃ>!ﬃ'O6!	_I86'\=ﬀﬁ )j	]ﬁ86BACO&	34J	]+1ﬀ+2ﬃi	6ni+2=.'&	@ﬃ@	ﬃ,ﬀ:,]K[
DAC9X &'6!	ﬂ ﬃﬃ!	#ﬀ!.,	 O BLﬁ.ﬀﬁqﬁ>		@+2ﬀ+1ﬃﬂ>ﬃﬃ1	S	ﬀHi>$ﬁﬀ4ALﬀﬁ\+]OﬁU




























^ﬃ!Y"ﬁU^ﬁdDALﬀﬁZ"ﬃﬀﬁd69ﬃ' :  AB8K@ @3\Jm 8 Jh=?8K@V7	3 ] [Zﬁ]+19'+2!ﬃ 6BAC'	&ﬃ!ﬀﬁ
























































   
	









































   ﬂ W   $\	 
















ﬃI;	ﬃ#!ﬁ3 w1I	#$ﬁﬀ4ALﬀﬁNO	ﬂ	ﬃ#=&ﬀ,i@/ﬂ6BAC'+-. Q 6!1"ﬁU		ﬃ=ﬀ@DAC	S%"6!,.ﬃ!N6!.6!
"ﬁﬃ+1	ﬃ-&		,ﬃﬀ	ﬃ!q	ﬃ>I-ﬀﬀZ.	ﬃ!,i3
U(AL.	$ﬁﬀ!ﬃ!ﬃ!ZDAC')*ﬃ+-.ﬃ!@4AC	ﬃ	"T/>"ﬁ#ﬀ^7ﬃ@qﬃ!Q!6X	!ﬂﬁ>"6'ﬀ















	  i	   4	
	 
 ﬀ  J   
	
I
] 69 [0DALﬀﬁ "ﬁ&		ﬃﬀ8DAC	S%"6!,.ﬃ!06!6:QEﬀﬁ_&		,ﬃﬀ	ﬃ!0ﬁ	-O	,]Oﬃ&,i	
























































































































































































































   
	














3 	ﬀ%4  $)657/ 0
"
1 2











7]Q^[ZQ`_ Q@U  aQ]_(X@SbQ( ip
q
ﬃ





















































































xw_U	Fl&@lN/ﬀ "ﬁ92ﬁN%ﬀNACamD		ﬀ7 +19'+2!7ﬀﬁ8)B	ﬃ!0DAPO&		ﬃM),+ / 7
$ﬁﬀuU"ﬁ3i	ﬃﬃ#6';$ﬁﬀﬁ.6!:Hiﬂ/ﬀ7"T'#ﬁﬂﬁﬀ R3'-#ﬀz&	ﬃﬀH$%ﬀﬁ.=&#&!I&	Qﬃﬃ	Yi	#ﬀ












oaFlﬁﬀﬁ2ﬁ#		U:I&	Q.-.ﬃﬃ	!Fﬀﬁ@+2	ﬀﬁ&]Iﬂ..6!ﬀﬁE/tn10  as 2)2a3 ﬂ#^.6!ﬀﬁ"ﬁ&Fl
ﬁ30Nﬃ! j/8$%ﬀ86'\=.ﬃ!&)`.	ﬃ!["ﬁ"T&Hi	-"ﬁ@6!N"ﬁ']ﬁ8ﬁﬀ-!&< I^<`!-/ﬀKU:I&7ﬃﬃ	Yi













































































































ﬀﬂﬁﬃ! "ﬁ$#&%' ﬂ(*),+ ﬂ .-/ 10!2!34%546ﬃ!ﬁ2!)7 15858 90ﬁ7%:38;38ﬁﬃ
<










6>38ﬃT0ﬁ;* ﬂﬃ@;38 15P6>0!0ﬁ(;!+ 0&6>(?546.ﬃ!ﬁ2!)$ 15858 90ﬁ7%:38;*38ﬁﬃ
9<G,H :J 3pJ`MVUZ_4W/X
_r[ZQ`_"ZY	ZV	WYX!ZV\[ZQT[,ZXIVZ\  QU$X




































































































































































9 G,H;:J/3 NM UZ_4WX _r[7Q _"uY 7V	WﬁYX ZV [ZQtW#ﬃﬂX U7X STX
V  6Qi[ZQ`S3 YX!7V [XPS 
ﬂaﬃ	6!6!0)Bﬃ+2ﬀ6'.ﬃ!b"ﬁEi	ﬃﬃyﬀﬁ 	&.' +2Oﬁ&[DAL^ 	3#5(6!6! Ei"ﬁ?I ﬁﬀS
B+-:KﬁﬀSb,ﬀ6:+1 7





















































































































































































,+7	!,@yi	Hi>"ﬁ&"ﬁi		'j"ﬁ#	S+-"6!-/`n ﬁ& v vWs 7	3 Rﬀﬁ#&2"ﬁ&Q4ﬀ@ﬀ
ﬃ+-+1		ﬃi	EﬁF@l!ﬃ'			,+8	:ﬃﬁ>+-BI&#+-"'&!$ﬁﬀ3J"T/Q6:ﬀﬁE..6!ﬀﬁ
j/SH6*AP&/&-ﬁ8"ﬁ&!&!Hi8.ﬃﬃ	Yi_I8@lﬁ.ﬀﬁhﬁ	>&!I&	@	>Vi	ﬃﬃ+2'7.'ﬃE6!7	+H"ﬁ&,+2


































465ﬂ785'c65:9 ﬃ\PgCD=,h  F!h#" F/h#"ﬀP PﬀE
N
L6G:?RE@AYP










































"ﬁﬃ!ﬃ!qﬁ>6'H+i,cnMJz vv6snpoﬂ6uJklﬁ+2rqJsQﬃ:ﬂﬀﬁ6!23i	 6'. @	S%"6!!	!ﬃ-ﬁ	@"ﬁ<
ﬃ+NI	&	"ﬃ!$%ﬀ	ﬂﬁ>6'2+iﬃ;$ﬁﬀﬁ\		6'ﬀM<`	(	ﬃF"Tﬃﬃ'O6!enLuXﬃOﬁ!tqWs3Jz>&G%"T


















































	'&	ﬃU:,_I-6'8ﬃI3 $@ )j:Qﬀ@=ﬀﬁ"ﬁ"ﬁﬃ@	ﬁﬀKﬀﬁZ6'ﬀﬁ+22 6!Oﬁ@		6!6!=<`	 p'
V(! ﬀﬁ&vJ 3 37	3xD>"Tﬃ!ﬃ!Hﬁ#6'@+iﬃ@"Tﬀ.6!& &	UVi	U:,F"ﬁ(ﬀﬁH		ﬃﬀﬁ#I@"ﬁﬃ+NI	&	






































































































M 	#DALﬀ&>"ﬁ&Qﬁ	ﬂﬃ	@lﬁ!$%ﬀ	ﬂﬃﬃFlﬁﬃﬃ!$%ﬀ	dﬁ>&G%"T>&	ﬀ!F,9+2ﬀ6ni n 
ﬂ9 "ﬁ.=&!  vZK6sQ

























&G%"T@ ﬃ.ﬁ!ﬃ	ﬃﬀ ﬀ,i	#	@ﬀﬁN"ﬁ.ﬁ@ﬁ	ﬃ	,7I-"6'ﬀﬃ!ﬀﬁ&Y!ﬀS - ﬀ#ﬀﬃ!6:!ﬃFﬃﬀ
DALOT&-ﬁ	E'3i+2ﬃ('+-"T&ﬃWj2ﬁ#Vi	ﬃﬃ+2'R6'23i	 !;ﬁ#6BAC	="ﬁ.	#ﬁ	"ﬁﬃ+NI	&	
DIﬀq6*AP"ﬃ'+2ﬀﬁ+ ﬁ>6'1)*	,:3+ / 7E	ﬃ@"ﬁ&OﬁO6!+2ﬂﬃ!ﬀ,i3 ﬀ!Q4ﬀﬂ!i&#6!]"ﬁ&		ﬃﬀ
ﬁ"ﬁﬀ!@		ﬃﬃ2ﬀ	6!6!1"Tﬃ!ﬃ!K	]ﬀﬁq'3i+2@"69ﬀd)`.'O6:3DJz>	+-"T&ﬃ+1#	,FVi	&!


























'+2ﬀﬁ+  6!Oﬁ.6EﬁN69q)B	ﬃ!43(J"T/QX6!N 9h0ﬃ+-"2ﬁ8.6!ﬀ6#	ﬃ;	I	;'+-"ﬁU
	86:	N	Sﬁ"kiU:		8c+1=3i8$%ﬀ4AMﬀﬁ "ﬃ'+2ﬀﬁ+ 	ﬃ&		8	ﬃ8ﬃﬀ&ﬀﬁ&7.,ﬃ	'-aﬀﬁ )j.'O6!
+2Oﬁ&#DAP:Hiﬃ.,:3^Jz+-+26!Y+1=&6')V(! ﬀﬁUvJ/3vﬁQ.6!	W)*	,:ﬁ#	'&ﬀ+-'"ﬁﬀ6Yi		Eﬃ





@	699U@	ﬃ&	"T[I>ﬀﬁﬂ)B&ﬃ#..6!ﬀﬁﬁﬂ69 )B	ﬃ!Hﬁ@	 &ﬀ 7	3 $@



































p 7 Yl87 p7
9<GIH;: J/38v\M1ZSaX!YX ZV [ZQ _" Y 7V	WﬁYX ZV [ :^FQWﬁYX YPQ*V Y	ZV	WYX!7V [7Q _"  U@X!YX ZV Q*V _"YX *X [7Q Qﬁ
_"ZV[
X!*X
[ZQ [ZQe_" W# Q*S\U$X
S`_ \U 4*ﬂQWSQ) X S _"\U7W ﬂQ*VQ [ZQe_"^X8[ X
SbQ*(	
n\W#U [ZQe_ QU  WBQi[ZQ
SbQ=W 4 Q*S_W	4




ZSBX YX ZVyxHk Qx  [ZQ@U  ZS ﬂQﬁYSbQ@U-k Qﬁ  X,X Se[7QP_(Q/X
S(
ﬁ7_QX S X,VDX YX!Z_(Q
d[ ZVDVQBQaQ]QWV dQbfafR\vd af>x-k



























































































































ﬁ	N.6! &!Blﬁ+2	8ﬁ\=&' ﬀ6'.ﬃ! 9Ei+2.6!\,8"ﬁ"ﬁﬃﬀ7Ei		+-+2-/H69h6!!ﬃHi,<
ﬀﬁ&Qﬀﬁ@&' ﬀ6'.,:8ﬁ $@	6'ﬀﬁﬁGcK $ ﬁGﬁﬁ+2!$%ﬀ@		ﬃ9ﬃ'*AC	ﬃ&< I<`ﬁ'&ﬂﬃ	6!6!>$ﬁﬀF6!	
 &	ﬃ	#ﬁ	;O&	ﬃF,!@ﬁ	@ﬃ	 +2,Fﬁ-6'8U9 ﬀ6'.ﬃ!87@4AC	ﬃ>"ﬁ7I7=&2	ﬁﬁ.!ﬃ	
ﬁ!"ﬁ9O6!3 j6X&	ﬃﬃﬂ$ﬁﬀ@6*AMﬀﬃ!6:!ﬃ!ZDALﬀﬁ@&' ﬀ6'.,:8ﬁ $@	69ﬀﬁﬁGN"ﬁﬀﬁ#ﬀﬁ>"ﬁ"6!!.ﬃ!
ﬁN	N ﬁ&N	,1"Tﬃﬃ'O6!3 ﬀ7mX nM ﬀ7mX qZKWs#[.'ﬃﬃ:Hi86:\"ﬁUO6*I+2NﬁN6BAC	Sﬁ"6!ﬃ.ﬃ!0ﬁ
























































Jvlﬁ.$ﬁﬀ7^S	6(ﬁ8		ﬃﬃ- U:6!6!PK $ 	,>	Ji-Z)B	ﬃ!hﬁ869Zﬁ.ﬀﬁ&Hﬁ76'
V
7ﬀ$ﬁﬀ	6




















npo@+-ﬁ.ﬃ!ﬁ	tvxWs3RJ	].6! &!Blﬁ+2N./"HiqIKﬀﬁh	"ﬁ.	eK $ "ﬁUﬃ!ﬃ!ﬁ,i7Z6BAL^ -DA
&	&















J/3Lq M=< ZV WBQWSR[7Q]S?> ZV& X
St_"(`X+UFQﬂ^	X
St[7Q]_" SbQTS Q@U@Q*V1YX ZVe[ZQ]_" U7W ﬂQ*VQ d
W#Uv[  X VQ
W0 X	Q'YSZVU 
WQ*S?U 7_Q [  X V W@>_(X,VD[ZSbQbf
x(AL^ t+H.&ﬀﬁ4ﬁ(		ﬃﬃ&"ﬁEi	ﬃ.ﬃ!ﬂ	,DW)j	:6!!Hiﬁ+1:,FIRﬀﬁ	Q"ﬁﬀ!ﬃ$ﬁﬀ6')`ﬀﬃ!
ﬁ	>')Bﬃ+-.,:@ﬁ@ﬁ7"6'ﬀﬃ!ﬀﬁ&-"ﬁ'ﬃ>ﬁ-ﬁﬀ-ﬃ;)`.!>  &.	\I8ﬁ-ﬃ'+-"6!	>"kiﬃ.ﬃ!
6! !$%ﬀ	3 $-ALﬀ&"ﬁ&Q6!ﬁ	 3iEﬁ"ﬁEi		:,:>$ﬁﬀ6BAC@ﬃﬀlﬁ:,zﬃﬃ	'/&Vi"ﬁ2ﬁ'&		ﬃ+2
ﬁ@6'>=.!6:6!;ﬁ@Flﬁ.$ﬁﬀ@.S	6*3xD1	=&"ﬁ&ﬃ!-I2		ﬃﬃﬂﬃ'+-"6!!	!i;	ﬃ6*AP	"ﬁ.	]+i+2'&ﬂﬀﬃ!6:!Hi
$%ﬀ"ﬁﬀ &	&2'+-"T&3"$>2&H.QDﬀﬁ8ﬃI2DALﬀﬁ0+NI	=&2ﬁ- &Hi  -+
m
7@	-ﬁ	

























 + 7E6'2ﬀﬁ)j.	@Vi		ﬀ&,p	#\"6'ﬀﬂ6:;6'ﬀﬁ+2;Ji		ﬀU 7	3
J>"6'89Uﬀ	6D	ﬃ#&"ﬁEi	ﬃiF"ﬁ#ﬀﬁ /X,Z[YSbQaQ3 $>	@.Q6!XZ[ YSQaQ	ﬃ#'HiU	ﬃ
ﬂ!6"Tﬃ+2	@DAL.	i	6!&@6!-.6!ﬀ6Eﬁ7"ﬁ'>ﬁ-ﬁﬀ-K6!'+2!>6!7+]OﬁU-ﬁ-ﬃUﬀS\ﬁ


























9<GIH;: J 3 m0 M ORQ TS2QUFQWVYX ZV\U7X SEY  W*X /X
Qc[ZQi_  Q@U  WBQN\vd af T_"ZV
*X,S#*X QW_rU7X S _(Q X QW_rQ@U	 TS_^FQQBQ
_"\U$W ﬂQ*VDQ .W'ﬂZVDQ [ZQ 
*X+U@X!ZVUaU W*XQBQ ﬂ _" W# Q*S Qﬁ.'^@Qﬁg[Q*^ ﬂ SbQ=W#ZVU	YSX X  d3f	ﬁ  U7X S]X
VDQ
7S0YX,Q [ZQ`_" ^X8[ X


























































































































































































































































































/ﬀ8&!I&#DAL, &	 j/S,i3  BVi6:+1Q6BAC	Sﬁ"6!ﬃ.ﬃ!8ﬁ	ﬁﬃ.!ALFl	E$ﬁﬀﬁ m0ﬀ0 ﬁ@69;ﬃI




















































<G,HJ 3 kM ` QﬁYQWﬁYX ZV QﬁrY	/W#Z_(X+U YX ZV U$X



























































































xD V(! ﬀﬁ&`J/3 e-Vi	&!F6!7Ei	ﬀ6!.#ﬁ26'N&		,ﬃﬀ	ﬃ! I86BAC!ﬃﬀ-ﬁ26BAC	Sﬁ"6!ﬃ.ﬃ!Z6!.6!3
ob	ﬂﬃ.ﬁQﬃﬀ6!	O	Vi& Ii	Hi#&		ﬃ,ﬀ:,3Jﬃ!Ji&ﬀﬁﬂﬃIﬂuIﬀHﬃﬀ6!	#O	
]Vi& Ioi	Hi7&		,ﬃﬀ!ﬃ2 ﬀﬃ!6!:=H6:K"ﬁ&		ﬃﬀ-DAC	Sﬁ"6!ﬃ.,:[6!.6!_"ﬁEi	ﬃ,76BAC'i &	
ﬁ8)j9U_&	ﬃ,&ﬃ'26BAC' 	ﬀ	Kﬁ	7ﬁmaiUﬃ-"ﬁ,+NI	=&	2,2
ﬀ0/86BAC	Sﬁ"6:ﬃ.ﬃ!











 A  HG ?ﬂA











































<GIH J/3 e MPO QU$X
_" [ZQ _ Q  T_"ZSYX ZV _"/W#Z_(Q`[ZQ _" U7W ﬂQWVDQtW#ZVU@XI[Q*S2QBQN\vd af U7W ﬂQWVDQ`SbQ=W#ZVU	YSX X YQ
Qﬁ TS_^FQWﬁYX ZV U$X
StX V T_"ZV
WXIS#*X
Q*_<[ZQe_" 	ZVDQ VZV aU@Q*S#
QaQPdf/
X Qe[7Q W# Q SQ TS2Q@U@Q*V7V _"
U7W ﬂQ*VQ]SbQW0ZVU YSX





















 ) 6'2"ﬁ&+2BIUFﬃ=ﬃ.Hi	 !Q.ﬁ6!	FEi	ﬀ6M<













x4	,V(! ﬀﬁU	vJ/3 *KT3L;	vJ/3 *KT3LO7U"ﬁ3i	ﬃﬃ6:	ﬂﬁM)o<










6BALﬀﬃ!6!!.ﬃ!hDALﬀﬁ   J $ Q4	Y\DAMﬀﬁ_U	ﬀ:@,9+2ﬀ6niQ4"ﬁﬀﬁﬂ69N+19'+2!ﬃ!Kﬁ26'H)*	,:\ﬁ
	'&ﬀ3 $@2)`.!QD6!\+2''+2ﬀﬁ+  6:Oﬁ.64ALZ"ﬁ.i	Hi].,ﬃ	';6:&2/ﬀ[.6!ﬀ6/ﬀ0"ﬁ&+2!2"ﬁ']ﬁ






































<GIH  J/3 WK M  % T_"ZSYX ZV [ _" Z_(Qc[ZQ\_" U$W ﬂQ*VQ  ` Q T_"WBQ`Q*Vg[ZQ\_  W# Q*S U7X Si_  U 4*ﬂQ*SbQ 
d Ff  S_^@Q=WZX,SQ [ XPS <U	ZVU YQ*VXISZW#ﬃ YQ`[X W#ﬃﬂX,^[ZQ`[Q T_"WBQ`Q*Vvdpk'!

0Wf d3f QWV5YQWVZV1
W0  YQ [ X W#ﬃﬂX [ZQ`[Q T_"WaQﬁ`Q*V1tdpk !

0Wf























avec coût de déplacement
sans coût de déplacement
j
























avec coût de déplacement
sans coût de déplacement
jO

<GIH  J/3 J M d af*X S_WaQ*V17[ Qe[ZQe_" U$W ﬂQ*VDQﬀFUFQWS0
QBQ d3fP[ZXﬀU	ZV WBQ)ZS_W#X
S=X
Q& ZS _(QcS gQ*V


















































"l4I&Q+-:ﬀﬀﬃ&!ﬃE6'>+iﬃ-I;",iki	&I@6BAC'Hi&!ﬀﬁEﬁ#		6!6!=<`	 p'JV(: ﬀﬁ&tJ 3  










<GIH J/3  NM    T_"ZSYX!7V][ _" Z_(Q][7Q _"`U7W ﬂQWVDQ .` Q _  WBQ QWV<[ZQ`_"]W# Q*S ﬂc_ XIV1Q*SaXIQX Sg[ZQ`_"
U 4*ﬂQ*SbQ cd af   S31^FQWﬁZX,SbQ`[X S3,  U ZVU'YQWVDX,SfW#ﬃ YQc[ XVW0/ﬂXv[7Qc[Q T_"WaQﬁ`Q*V1 dpk'!

0Wf d3f






























































<GIH  J/3$iM d Ff  X
S_WBQWV7[
Qc[7Qe_ \U7W ﬂQWVDQ(FUFQWS0
QBQ dfP[ZX+U ZV WBQ)7S W#X
S=X
Q& ZS _(Q S3, gQ*V








































ﬀﬁ6'2"l4I& eﬀ0 %J x  e KZKxZq
/#6'2"l4I& eJ K 0   *q *K 









































-CDFEﬀG(;H.ﬂ ﬀG(;&J!4# 8>LK4H CDFE
ﬀ#>.LK4H H.!ﬀ.#>@K$H.
 HﬂNMB%
0ﬁ 'Hﬂ-O%L'ﬀPQﬁﬂ' RGS T USWV X Y;U.SWX
 HﬂNMB%
0ﬁ >G%
!-O%Z ﬀPQ"ﬂ  RGS [ \SWX ]"R V;T.SWX
K;(;-JH23 'Hﬂ-O%L'ﬀPQﬁﬂ' \.S)] ]^X.SWX ]`_ \]*SWT
K;(;-JH23 >G%
!-O%Z ﬀPQ"ﬂ  ]^_.S V T;Y.SWX \ \
RGSWY
























































































































































































































































































































































































































































































































































<GIH J.?BQﬀ0NM  X+U$XGZ_(XﬀU
YX










X,SbQ  V	Z_(Q [ZQ























































































































































































































<GIH <J ?BQ`M ,W Q*VQ3b

_)> Qa[ZSbQ d af X a@[ QPX,VDX YX Z_(Q d  fa



































































































( # ﬁﬀ 
%









































































































































































































































































































































































































































































































































































































































































































































]x <  
c :Oh=fﬁk"8c;nGc hlrc





















   .?BQ"Q
6
C$XﬁﬀJxﬂ Cﬀ ﬃﬀ [























































































































































































































































































































































?! # ﬂC XC  %























































Nombre de points de vue
Optimisation de la trajectoire
’res_opt’



































c jﬁh+ c$:Jc;j %EGc
:; ﬀ"T m.{7ﬀL8c
fﬁc%	 c












































































































































{ﬁm"Ojcv :	f;hﬁ"J{*:'8h H c;nGk
mjc"J	


















































































































{Jmna? ?n  jc7!Jc;j :4JcaJ}nGm)GfpnGm)GfOAh4fﬁmGnGfgfﬂj,:JcGﬁGhOn h+ mj{rcO hj,:OhnGm)Goc$::Jc





































































































































































































































































































































































































avC ?GC = =_W ? XCZb =ﬃﬀﬀC	ﬀ C3 '$X =ﬃ!	 ﬀ) =BC=W





"ﬃﬀ Cﬂ CﬀJ$W C(! C










       ﬀﬂﬁ   ﬃ     !
 "  $#&% ' ()*%#+," - '/. '0 21 23%#45 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ﬃ(ﬀ Cml ﬀ³ﬃ =fngl>?#ﬂ Cp¶ C	!r²@l
±
'ﬂ?po










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DU  ^X	Q Q
('





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































X T W B0-DC-M^ﬀ-E=Fﬀ !Q R0/.DU-ﬁ/0 )

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































. X B0Fﬀ-	/3C0 Q RDQMB
S
 T  Q











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































X7/DEX E C9W . ^ X	UyX B0F
Y

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































QJ:?BV[H7g9;7X`)':=DF9;:?B 021+Mp:&QJ7$[p9EIJ`4IJDFIJ{\:+hXGpIz9;:S[T9HK:?BE:S@TDE:;@TDUQqO IR@Tuq>A9;`!7XDFIJ>A@314-ﬂ7\BEBE>w<SI?K:?:5'7+<?:=DEDE:U[p9EIJ`4IJDFIJ{\:,+60 MT7A@CBUQJ:
<EfH7g[pIJDF9;:7%4.




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ZA) .67 8=A HD4D 4D  A
$



















































































































































































































































































































































































































































































































































































































































































:?BEDzM	dG '7UQqO 7A[T[pQRIJ<=7XDFIJ>A@jDF9;7gIJDpK:?:XWTQT{g7&Mp:VBE>AIChXGC:XcwMT:b`$7A@TI ':S9;:N^¾K:S@VK:S9;7AQJ:\cp<=:?DEDE:bDgd7X<EfC:y[Ä:SGHDVd:?DF9;:b7\<?DFIJ{ZK:?:7'7@YO IJ`4[Ä>A9;DE:
hXGC:SQz`!>X`$:S@TD?W


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































UDW  T\[DB0Fﬀ-ﬁ/  B!Q W 
'





















































































































































































































































































































































































































































































































































































































































































































































































































































































































] W 9W 9/0 T  / B0F( ^
   
 A



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































[D[#^ F(. XﬃB0F(-	/ X








































































































































































































































































































































































































































































































































































































































































































































































































































































































)ﬂ798 =GA   C= LbHB '











bCB D  B ﬃA =   8 i 


iGA  D = =GAHB B D =  A BCDE 9B












) ,B  =mi BC=
"






  Lb i 5























































) f=ﬃ7  ==ACB ' ==ACB g  B )  A GBECB*-C=

















) ,B  4= i,B =
"
























 =D =B   B


































)  AB EHB*- =























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































xﬀﬁﬃﬂﬀ !g{"#$&%"ﬀ('ﬃﬀ'ﬁ'ﬃ")+*,ﬂ'ﬃﬂ-.%#ﬁ0/1')+*,%"!ﬁ),2/3*+#),4ﬀ *5%6ﬂ-ﬀ7!),#$&ﬃﬀ8/20ﬀ 7*,9ﬃﬃﬂ/+:;"


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































¦?­Y§8¤  G)?Í '6b¤
34¬
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































"),=/3%>ﬀ *, ﬃﬂ7ﬀ8;9%!ﬁ#;Yﬂﬁ/ 'ﬃﬂ
7* 4#;
"!
ﬀ),ﬃﬂ /2%4ﬀ7ﬂ$#&%('ﬃ'*)+-,/.ﬃ0213,/+4#5)76 ﬀ777*,ﬀ7%"*+!-*,9ﬃ9ﬃ%"<#6>ﬂ7%"ﬀ !*,
),ﬃﬂ )+#;ﬂ

































































_o[ c?[/_-^-fZ[/X\^4ebcg${ a?cbWviW3XZbebg?W_-e=lH[_4Wzg?WYmW3l3e=cbf(XZY(abl3X\^4ebc L/± h?[7Yk]=^-f(^-e=c[/l3X\^4]W7cbWviWL©
XZbe=g?Wzg?WYAW3l3ebc?c?[/^-f(fZ[7cbl3Wwg?Wh?Ym^ov^4X\^4]W3fH n?[f~iW3WpfZa?Ya?cX\W3f(Xg?WEvE[/}b^&va?v g?WT]?Y([/^-f(f(WHvz©




_4WPgiW3]7W3_-e=h?hjWHvwWHcXEg${ a?cbW [h?h?YAe=l3bW_-eblH[/_-Wg?WYAW3l3e=cbf(XZY\abl3X(^-e=c g?WPf(ltWHcbW3fsYmWHh?e7fZ[c7XEfLa?Y
a?cbW [7h?h?YAebl3bWg?W h?YbiW3g?^4l3X\^4ebc








f(ltWHcbW7xW3X\X(WviW3XZbebg?WYAWHh?ef(WdfLa?YC_u{e=hbX(^&vw^-fZ[/X(^-e=ch?[7Y! "$# vwab_4X\^ ©7iW3l­bW3_-_-Wpg${ a?cbWxRe=cbl3X(^-e=c
g?Wpl3e
0

































cl3WHYAXZ[/^&c®cbe=vwn?YAWg?W¨`?abW3f(X(^-e=cbfYAW3_&[/X\^4]W3f [7ab}XZY(["] [7ab} W2	$W3l3XZakiW3fYmW3f(X(WHcXt[¨W3}?hb_-e=YAWHY3
e=abfWHcEh?Yme=h?e7f\e=cbf^-l3^:`?abW3_-`~abW3fa?cbW3fx`?ab^?l3e=cbf(X(^-XZabWHcXg?W3fx]7e7^-W3fkg${|^&c7]7W3f\X(^-=[/X(^-e=cw^&cX?iWHYmW3f(fZ[7cX(W3f
















































































































































































































lH[7viWHY([/fWHvwn?[7YA`?akiW3W3ffZa?Y_R{|W2	$W3l3X(WHa?Yg${ a?cYme=n?e7XpvE[7cb^&h?ab_&[/X(WHa?Y @ R_8h?WHabXpf"{ [/7^&Yg?Wl3ebcIYAebc7X(WHY
_-W3fd[7h?h?YAebl­bW3fg?WThb_o[cb^













































































































































































































9V9a=¡* R¦Z" R¢A¦ #¢  & 3 cb¦H§w¦w¢b R¡ -¡ ¤¦
      




































¢=¡H¡ #7¦ 3¦76b§¦ : 986L¡:H¡~¦¤¦  ¤¦"§w¦ :  ¡ A¦;:580:/A¦L>a=¦5V9a=¦ﬁ#7¦ =<
ﬂ
=# 66#7¡=V¦LH R¡*	
:L§ '-¦ 7¢L	: R¢>8 7:s9a=7¡.? #¦)6 #7¡=A¦Z" R¡¸ #7¦ A¦L>a=¦5A>a=¦
xW3X(X(WviW3XZbebg?Wl3e=cbf\^4f\X(W7?cbe=cEh?[/fpt[pfZab^-]?YAWpg:[7cbfa?cbWf?iW3`~abWHcbl3Wg${|^&vE[/7W3fxa?cEf\W3=vwWHcXYbiW3W3_u

























































b_4Wpf\WHab_h?e7^&cXdYAW3X(WHcbaW3X^&cbf~iWHYbiWg:[7cbf_&[w_-^-f(X(W5J F3V W W3f\Xl3W3_&ab^







































	   

   
	
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































a! +]6!.-C+0#;d<0/ b:<$#,+ﬃﬂ cC8ﬂ #:*  +l"! B+ #<





    	 	   

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 <>:= =D 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































5& (  )  ﬁDﬁ  &  ﬁ  % ) RO O ﬃD 6


























































































































































































































































































































































































































































A A A A EC A A
z




















































































%;H ":&ﬁ% ﬂ|L% ;ﬀ=<1
6

















































































































































































































































































































































A A A A
A A A A A A


























































































































































































































































































































































































































: = 8 ,<:=






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































$=! ﬂ% ;ﬀ0%N2 
































































































































































































































































































































































































































































<r8<   ﬂ  !>80: B ﬂ /<,- b:U< ﬂ6# B)#;;	UC:M8 7: ﬂ  ! B)# ﬂU,+ A?  ?k&? U -C  ﬂ






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































:= 8 ,<: =




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































:  : ﬀ0%.> D
9


























































































































































































































































































































































































































































































































































































































































































































































































































 F A  F *,/-
3ﬁ9
 F   F *,/-
























































































































































































































































,<B =  
]
/. 






















































































































































































































































































































































 ﬂU	 ++.-C+ /<G/ /K8b  + /K+ 80:-C_6!C+U	B 8+:4-C_6
	 +B
   ﬀﬁﬃﬂ  ﬁﬂ!  "ﬃﬁﬃﬂ
#%$'&)(




















































































































































U  !U ﬂA ﬂA  !ﬃﬁ ﬂ ﬂ,+ Q_? /i84- 8 ﬂ+w,+}U	 +zq  oU- /ﬂ






















































































































y.-Cd&?I/ }A+ AC.+  UB ﬂ,+ 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 + ﬂ 24,+
 


























































 + ﬂ 2,+
 


























































+ 20ﬂQ,+w 2#,+1ﬃ`ﬁ;U	 ﬂk +cq













































































































































































































































































































































































































































































 ﬂ $ ++$
 






















































































<:8 ﬂ ﬂ4+$ 
ﬀ





















































<: 2  w



































9q B ﬂU,+S  !U -d;U" ! q  }ﬁﬂ2+,+ /K ! q;A   ﬂ



































































































































































































































































   $






































































































































































































































































































+  2 ﬂ#,+ﬃw 2 ,+
ﬀ
+U t
















































































































































































































































































































































































































y}U ﬂ } 8ﬂA /i" !



























































































































































































ﬃ`A8,+ﬃﬂU  !}U	 + F

 :" ! ﬂ }vq ﬂ #+ ﬂ ﬂU  !}  ! : ﬂk  



















































































































































































































































































































































































































































#.-d ﬂQ,+$!ﬂ# ﬂ@ﬃ`A8,++  ﬂ ﬂ,+8q; ﬂ









































































<,+ ﬂ 2 +
 
















































+ 2 ﬂQ +ﬃw 2ﬃ,+
 



























































<:8 ﬂ ﬂ4+$ 
ﬀ

























































































4: $!U,+hq  +W<[;-CB #g  q/qVc ﬂ : :}ﬂ,+
}uqVBU8,+$ BU,+hq












































































































































































































































































#-CoA,+$!ﬂ# ﬂ  >=ﬂ
 $



















































<BU,+}ﬂ,+Ct<A,--C,+ qjp }8	@}QG/ /)B	8U,+





























































































































































<,+ ﬂ 2 ,+
 








































































   $
<,+ﬃﬂ 2#,+
 


























































































































































































































































































































   $
<,+ﬃﬂ 2 +
 







































































+U}K+ U,+ H  K+  Iw





































































































































































#-C ﬂQ +$!# ﬂ@ @=rt
ﬂ
 $
ﬃr88,++ ﬂ ﬂ,+8q ﬂ=1G-d ﬂﬃ:
ﬀ

































































































/ 8: 	r8U	 +N: /i<" } ﬂq ﬂ !"ﬂ#.-C ﬂq ! + -d   ﬂ` /ct



































































































































































   $















































































































































































































































<}A ﬂ ﬂ4+$ 
ﬀ



















































































































   $
 + ﬂ 2



















































































































































































































































































:<8 /iU,+ -  acU ﬂ+ ﬂ8	9B :l+U}D/i :U;U	,+ q













































































































































































































































































































































-d ﬂQ,+ U< Iw
ﬃr[















































































































































































































































     
 
/

































































































































































































































































































ﬃ !L ﬂ,+9-d}!q ﬂpw@+Ct

































































































+  2ﬂQ,+ﬃw 2p,+ ﬂ#,- /  !U}































































































































+ : ++.-C+oq /i< $<,--d;U	,+ q ﬂh /,/)B	8U,+ ﬂ4<+t



















































ﬃ`q  !}HB !P,-C,+$ A - 4+ U8	i









































































































































































































































































































   $
<,+ﬃﬂ 2I,+
 

































































































































+  2ﬂQ +ﬃw 2j,+








































































































































































































































































































































































































































































































    ﬀ








































































































































































































+  2 ﬂQ,+w 2 ,+  x $!+<

























































 ﬂ,+ t  8,- /  !U;U	,+ ﬃ+ } ﬂU $U	 + +U!   -C,+





































































































































+U}K+ U,+ H  !G+ij w



















































   $
<,+ﬃﬂ 2.,+
 












































































































































H  K+  w
 


































































































































4F 6 ﬂ !G/  +J /,/)B	8U,+ ﬂ w
ﬀ























































































































































































































































































































































































































































































































































































































































































































+ 2 ﬂQ,+ﬃw 2,+ ﬃr[U ﬂ








































































































<[B ﬂU<8ﬂ ++$+l4+ UB $+ ﬂ !"ﬂU.- ﬂW*+ : j 6 ﬂIw
























































































ﬂQ,+ A0/iU,+l:Q8,--C,+cq;;/ ﬂ ﬂ:: ﬂ ﬂ-C.+























































































































































































































































ﬂQ,+ Uij w ﬂB8:U : /K}8 /U	,+







































































































ﬂU-CU	 +@ 8   ﬂ :uq;*/i8-dU : ﬂF

  -C !L+






































































































































































































































































































































































































































































+  2ﬂ#,+ﬃw 2,+
 
















































































































































































































   $
 + ﬂ 2 +
 























































<:8 ﬂ ﬂ4+$ 
ﬀ































































! - /K ﬂﬁ - ,+
ﬀ















































































   $
 + ﬂ 2C,+
 







































































































































































































































































































































































































































































































































  /K8,+ ﬂQ,+ﬃw 2






























































































































































































































































   $
















































































<:8 ﬂ ﬂ4+$ 
ﬀ













































































}A ﬂ ﬂ+$ 
ﬀ























































































































































































































!"ﬂ#-C-qCAic5<U,+oG/iU  @: /K:<8 /iU,+ q  -d  }ﬃt
























































































































































































































































































































































































































































































































































+ q ﬂ #+ ﬂ 

+ﬃﬂ    ﬂ
q

# ﬁﬂ  !+ﬁ4+ q
	








q   + ﬂ    + q  - )$ﬂ ﬂ
   ﬂ# ﬂ / 
	







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































+ #  ﬂ#


















   ﬂ / 
	
















































































































































  / 



























































































































































































































































































































































+ q ﬂ  
	

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































++ ﬂ ﬂ#,+ Qq! ﬂ@=
	
-  ﬂ  
ﬀ





















































































































+zq ﬂ ﬂ !"ﬂ##-  ﬂ
	















































































+  ﬂ &ﬃ? 
 ﬀ.



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































)ﬁﬀ WlSG  $ $
 3*
#-


ﬀﬃ%	 X9
-
$

,	?ﬀ \9
-#"
9
-

-
ﬂ
-
,	
-
L	%:9
- -

-
=
$
-
$X
-;_
ﬁﬀ
/
	  ﬃﬂ
-ﬁ
&
-
4ﬂ\9
-
 
/#-
 Wﬃﬀ
-


ﬀ4
"ﬁ


9
-#"-


ﬃ:9
-'-


\9
-
X9
-
ﬂ<	+
-

-
Yﬀ
"ﬃ -
Oﬀ

Z$
-
%?ﬀ
- #-
"
	+,	


3
2

!	%WXﬀ
-:#-

_ﬀ E) BlH
%
-
H
-
ﬂ
-
 
-
ﬂ
#-  -
$

 

ﬀ	
 --
 
-
ﬂ 

9
-'-

#-

 $

Y

9
-
$	+
-
*
3
2ﬃﬀ 
-
*$

ﬂ>=
-

- -
 


-
ﬂ
-
ﬂ-ﬁﬀ	



ﬂ
-
*6ﬀﬃ
-

"
	
3
ﬃ
-
ﬂ
-


 $

ﬂ 

ﬃ9
- #-
ﬀ!	
-
ﬀ




	ﬂ
	 !	
"-



ﬁﬀﬁ 

  ﬂﬃﬁ

?


X9
-
ﬀﬁ	
-

#-

-
$
-
	!	

L*
"
	%!	

 $ !	
"-
*
.
2

,	+Wﬃﬀ
-
*
 -
$

 

ﬀ$ !	



 *
-

[

/

,	


#-
!$ﬁ=
-

-
*$

ﬂ ﬂ ﬁ
#-
*!
-"
	%!
-
ﬂ
-

"
	%ﬀ
-
 *

9
-

-
ﬁﬀﬀ8$H9
-
!	
-
*ﬁﬀ/ ﬀ
-

 $X
[
$#
3

-
* 

) ﬀ'lSGﬃ
